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INTEGRATED NUCLEIC ACID DIAGNOSTIC DEVICE 

CROSS REFERENCE TO RELATED APPLICATIONS 
The present application is a regular application 
• from Provisional U.S. Patent Application 

claiming priority from Pro p rovis ional 
L0 Serial No. 60/000,703, filed June 29, 1995 

O S Patent Application No. 60/000859, filed July 3, 1995 
U.S. Patent PP continU ation-in-part of U.S. Patent 

This application is axso a , QQ £ 
THIS app oa/589 027, filed January 19, 1996- 

15 in its entirety for all purposes. 

GOVERNMENT RIGHTS 

Th e present invention -as made with U.S Government 
support under ATP Grant Ho. 70»W»10,1. The government has 

^ • this invention. 

20 certain rights in 

BACKGROUND OF THE INVENTION 
The relationship between structure and function of 



25 



30 



Hie j-co."-- ' 

. erules is 0 f fundamental importance in the 
nacromolecules is of relationships are 

understanding of biological systems. Tne 

^^T-ahdina for example, the functions of 
important to understanding, ro y 

ctructure 0 f signalling proteins, ways in wnic 
enzymes, structure of 9 rae chanisms of cellular 

communicate with each other, as wen 

control and metabolic feedback . con tinuation of 

Genetic information is critical 

Life is substantially inf ormationally based 
life processes. Life i _ tne growth and reproduction 

and its genetic c<^J^ * of 

o£ the organism. Th am B( are encoded 

which are critical features ^ 
by the genetic material of functional proteins , 

«-f these oolypeptides, e.g., as enzyme, 

of these poiyp P determined by the sequence of 

and structural proteins, struct ure and function are 

amino acids which make them up. As structure 
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integrally related, many biological f„n,H 
5 ,»,„ " nd «lyi"9 genets information in the for. of 

re,u attn :/ nV ° 1Ved ^ '« ^ -trol and 

regulation of gene expression. 

» of creat T va 1 l tUdy ** inf °™«on has proved to 

ProcesL 8 as u\V;:; „?' " ~ <* Ufe 

of disorders. In part cu ar d" 9 , * ^ — 

stations, deietion^ o r ^ «ts i;tl:.r hlCh * 
9 eno„e, may be readi ly ti^:^^^ °< 

techniques. similar! v • . ana /°r treated using genetic 

*i=h i S un ique to y th e : a r:;~; ■* ™° 

viral DNA. <*9enr, e.g., bacterial or 

of identif y W i„? t h Urrent 9SnetiC " eth ° dS *" «"P-1. 

identifying these genetic sequences «»rh ^ 

"ly on a multiplicitv «f „ ■ ' SUch ™ e thods generally 

nucleic ac ^ distinct processes to elucidate the 

. /::::: c i;; 0 w ;r each process intr °— * 

also draw from T7 ° Vera11 Pr ° CeSS - Th6Se P«««es 

o draw from a large number of distinct disciplines 

including chemistry, molecular biology medicinl and ,h 
It wnni^ 4-u ^ yy ' mea:icin e and others. 

It would therefore be desirable to integrate the various 
process used in genetic diagnosis, in , single process at a 
«»»» cost, and with a maximum ease of operation 

.i=rofauidic nt :i:i:es has %:iiTV n the fabrication ° f 

aevices. Typically, advances in the 
semiconductor manuf acturino ar f. k 

fabrication „, nu£actu ""° arts have been translated to the 

laDrication of micromechanical structures e „ 

microvalves >„* , k . , •■. ="uctures, e.g., micropumps, 

miniature oh, h ^ Bi " of "-ices including 

miniature chambers and flow passages. 

mi=rofabrilr b \ r r ~* rehm have »"-«*«« -Ploy these 
the process "^""'"tion of some of 

processes involved in genetic analysis in particular. For 
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PCT Application No. WO 94/05414, to 
example, published PCT A PP lx reference in its 

Horthrup and White, ^^^^Hntegrated micr o-PCR 
entirety for all purposes, rep. t. ^ . ^ ^ 

apparatus for collection ^ ^ 

from a specif, ^s^^ , ^ r0 cessing and analytica! 
apparatus which combines ^ VB "£" * The pres ent 

operations involved in nucleic acid analysi 
invention meets these and other needs. 

SUMMARY OF THE INVENTION 

^ flY . a n v nrovides miniature 
The present invention generally provi 

,i *ir svstems for carrying out a variety of 
integrated fluidic systems as methods of 

preparative and analytical op-r-tion^ ^ ^ 

, f<nn these svstems and methods ot usiny 
operating these sy invention provides a miniature 

a first aspect, & body having at least first 

fluidic system which comprises a y t ^ 

and second chambers disposed there n^ ah . 
second chambers has a fluid inlet and is m fl _ 

_ fi«t and second chambers is a 

dl£f erent polymer seances ^"^^U^ . 
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di «erent polymer se q uences ^ 

sample inlet. introducing a fluid sample into the 

and second chambers, tor intro g ^ 
sy5 tem. and a fluid transport system 

tron t h e f ^ ;; a :; t , the nuid diMCtl o» ^- 

in a preferr f aDD iying a differential 

crises a ^ P— Z TdVsecond chalet, to 

^^T^* «~ - «~ chamber «- «- — 

chamber. oresent invention provides 

1B a related the same as 

a miniature fluidic system which i ldJlti0J t0 a 

that described above, except that m pla 
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hybridization chamber, the sv =i- am 

channel for separating T C0 ^ r ^ • separation 

separating a component of sairt fin,^ 

separation channel ic *, ■„/ d sam P le - The 

v -^on cnannel is fluidly connected to at i Me * 

chambers and includes at least first and , ^ 

- Metrical contact with oppos^ "j^T" 

f °l^ 9 — — separ^IorLanne, 
Mention ^^^^ ~ 

described, except where at l eas t . * S 

> an in vitro traLcr ! ChamberS prises 

vitro transcription reaction chamber, the in vitro ' 

transcription reaction chamber having an e fective . 

an RNA polymerase and four different! ° f 

disposed therein. diffe ~nt nucleoside triphosphates, 

Further, the system may comprise a hnri,, u 
least one of the chambers is a cell lv Sls ! T " 
includes a cell Ivsi. . * * chamber which 

s a cell lysis system, for lysing cells in sain f1 •„ 
sample. in said fluid 

In a still further related aspect at i Ma * 

the chambers may be a nucleic acid purification ch h °' 

separating nucleic acids in said fluL sam p le f 

rnnfaw . ^ iiU1Q sample from other 

contaminants in said fluid sample. 

fluidi, T PreSent inVe " tion P^vides a miniature 

nuidic system which composes a differential pressure 

::;L:ir £or transp ° rtin9 fiuid = - ~ 

m niature "id ic" "V""*' lnVMtl °" a 

least a fir , " ' iTC1UdeS a ""^ "-in, at 

ration h! ?J e T° n Cha " ber " Uidly to a second 

a sample ^ ~ The •>« deludes 

intr„!, • V COnnected « "rst chamber, for 

further includes a differential pressure delivery system ,„ 
attaining the first chamber at a first press r 
second chamber at a second pressure, wherein the first 
pressure is greater than ambient pressure and the second 

Cham!! 1 "'?""" Wh - second 

chamber is brought to ambient pressure, the first pressure 
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forces a liquid sample in the first chamber into the second 

ChanbSr ' in an alternate aspect, the fluidic system employs a 
differential pressure delivery source for maintaining the 
first chamber at a first pressure and the second chamber 

« „K Bre the second pressure is less than 
second pressure, where the seconu H 

ambient pressure and the first pressure is less than «» 
second pressure. When the first chamber is brought to ambient 
pressure, the second pressure draws a liquid sample in the 
first chamber into the second chamber. 

The present invention also provides methods of 
directing, controlling and manipulating fluids in miniature or 

micro-f luidic systems. ,„„,.<„„ 

For example, in one aspect, the present mention 
provides a method for directing a fluid sample in a miniature 
fluidic system which comprises providing a microf abncated 
device having at least first and second chambers disposed 
therein, wherein each of said at least first and second 
chambers is in fluid connection with a common chamber or 
channel, has at least first and second controllab e valves 
disposed across said fluid connection, respectively, and 
includes at least one vent. The method comprises applying a 
positive pressure to the common chamber or channel. The at 
Last first controllable valve is selectively opened, whereby 
the positive pressure forces the fluid sample from the common 
chamber or channel into the first chamber. nositive 

The method may further comprise applying a positive 
pressure to the first chamber and selectively opening th< . 
least first controllable valve, whereby the P ™ t he 
, forces said fluid sample from the least first chamber into 

common chamber or channel. .» h „ rt= of 

The present invention also provides methods of 

„ivino at least two discrete fluid components in a 

: ibric:;:: ^ ^--^ 

5 comprises providing a microf abrioated channel 
disposed at an intermediate location in said 
Typically, the vent includes a gas permeable, fluid barrier 
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disposed across the vent. At least two discrete fi uid 
components are then introduced into the channel separated by a 
gas bubble, upon flowing the at least two fluid components 
past the vent, the bubble will exit the vent, allowing the at 
> least two fluid components to mix. 

The present invention also provides methods of 
repeatedly measuring a known volume of a fluid in a miniature 
fluidic system. m particular, the method comprises providing 
a -mcrofabricated device having at least first and second 
chambers disposed therein, wherein the at least first and 
second chambers are in fluid connection, and wherein at least 
one of the chambers is a volumetric chamber having a known 
volume. The volumetric chamber is filled with the fluid to 
create a £lrst aliquot of the fluid. This aliguot is then 
transported to the at least second chamber and the filling and 
transporting steps are repeated. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure i shows a schematic representation of a 
nucleic acid diagnostic system for analysis of nucleic acids 
from samples. 

Figures 2A and 2b show schematic representations of 
two alternate reaction chamber designs from a cut-away view. 

Figure 3 shows a schematic representation of a 
miniature integrated diagnostic device having a number of 
reaction chambers arranged in a serial geometry. 

Figures 4A-C show a representation of a 
microcapillary electrophoresis device. Figures 4A and 4B show 
the microcapillary configured for carrying out alternate 
loading strategies for the microcapillary whereas Figure 4C 
illustrates the microcapillary in running mode. 

Figure 5A illustrates a top view of a miniature 
integrated device which employs a centralized geometry. 
Figure 5B shows a side view of the same device wherein the 
central chamber is a pumping chamber, and employing diaphragm 
valve structures for sealing reaction chambers. 
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^-Hc illustrations of pneumatic 

Ficmre 6 shows schematic xiiusw 

Hi. for transporting fluid within a miniature 
control manifolds for tran p MnifoW configuration 

riovire Figure 6A shows a mannux 
integrated dev.ce. 9 ^ or vacuun , 

suitable for d conf igur ation for 

whereas Figure SB shows ^ mustrates . 

application of positive pr paction 
pressure profile for moving fluids among 

chambers. illustration of a 

Fi g ur e 7A snows a so* matic Uu tr ^ ^ 

taction chamber incorporating a PZT elem 

* -hVio reaction chamber. tigurK 
the contents of the reacti _ element as 

. reaction chamber applying tne 
within a reactio showing a 

shown m Figure 7A. F-g , using me chanical 

comparison - *^T« fh Ration and optimized 
mixing, acoustic mixing, s«g 

acoustic mixing ^ o£ . sid e and 

• Ta btse-unit for use with a miniature integrated 

top view of a base unx^ 

device. ^ 11Y . 0 profile of thermal 

Piaure 9 is a time temperature protue 

oyc ling in'Thiature reaction chamber and a display of the 
pro grammed cycling parameters. shwi ^ ^ ^ ^ q£ „ ^ 

fragmentation reaction. Figure 10B is a gel showing^ 
caparison of the product of an ir -vitro ? . q ^ 
reaction in a microchamber vs. a control t 
iOC is a comparison of the PC product produced in a PC* 

is a comp orodU ced by a microreactor . 

thermal cycler and that produc » tion chamber 

Figure 11 shows an embodiment of a 
, „„„„ic oH control system, 
employing an ^ a scheroatic ^presentation of a 

Figure 12A C show pne umatic fluid 

B iniature integrated device •«Pl°^ P barrier bound 

vents, e.g., a po" 1 ^ p . flure 12 A shows an 

pneumatically controlled valves. Figu . 

. - -* » finale chamber employing tnis =y 
embodiment of a "^e of , debub bling chamber for 

12B is a schematic illustrate 
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linking discrete fluid P i uqs that 

hnhHi~ ». P-^ugs that are separeted by a aas 

bubble. Figure 12C schematically iliu.tr.i-.. ■ 
an integrated device havin* „, lllustratM thl = system in 
-gassing Camber H £ r^^' 
» -action cabers. Figure 12D J.^^^^ 

l eCti ° n m ° lded ^ate which embodies t h: ystem f " 
schematically iiinc*-*.** ^ • system 
xi-aj.j.y illustrated m Figure 12C. 

Figure 13 is a schematic representation . . 

configuration for carrying generic sail! * V1Ce 

10 reactions. Sample P re Paration 

Figure 14 is a schematic represent*^™ * 
-figuration for carrying multiple ^ 

reactions ln T' " ^ * <* integrated 

15 is! h Prefabricated polycarbonate device Fiaur. 

15 ISA shows the layout of the device including 

configuration of the h ■ "eluding the thermal 

yu^ation of the device. Fionro 1 en u 

PCR amplification , „ ' Sh ° WS tne "suits of 

•wnpurication and subsequent in vitm <->- 

the chambers of the device. transcription within 

DETAILED DESCRIPTION OF THE INVENTION 

1 • Genera 1 

devicpe ~ ^ CAeic acid diagnostic 

devices and systems incorporating these devices L. h • 
5 of the i„wj. uevxees. The device 

« tne invention is generally capable of • 

I preparation .... , «»i»«lon and storage, sample 

preparation and sample analysis, within a single 

miniaturized, integrated unit. The device is useful in . 

gnostao applications and de novo sequencing applications. 
The device of the invention will typicallv h. „ 
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device and/or interpretation of the data derived fro- the 

deV1Ce ' To carry out its primary function, one embodiment of 
the device of the invention will typically incorporate a 
plurality of distinct reaction chambers for carrying out the 
sample acquisition, preparation and analysis operations In 
particular, a sample to be analyzed is introduced into the 
device whereupon it will be delivered to one of these distinct 
reaction chambers which are designed for carrying out a 
variety of reactions as a prelude to analysis of the samp e. 
These preparative reactions generally include, e.g., sample 

, nnrieic acid fragmentation ana 

extraction, PCR amplification, nucleic acia y 

4-^anerriDtion reactions and the 
labeling, extension reactions, transcription r 

i Following sa.ple preparation, the sample can be 

subjected to cne or more different analysis operations. A 
variety of analysis operations may generally be performed, 
including size based analysis using, e.g., microcaprllary 
electrophoresis, and/or sequence based analysis using, e g 

„ hybridization to an oligonucleotide array. In addition to the 
various reaction chambers, the device will generally compose 
a series of fluid channels which allow for the ««»Portrt«n 
of the sample or a portion thereof, among the various reacts 
chambers . Further chambers and components may also be 

5 included to provide reagents, buffers, sample -»^"^' 
e.g.. mixing, pumping, fluid direction (i.e.. valves) heat™, 

and the like. 

II. Tpj-Pfiratah 1 " Prorations 
30 A. famplP Acquisition 

The sample collection portion of the device of the 

present invention generally provides for the ^ tifi ™ ° f 
Le sample, while preventing contamination of ^^J" 
external elements, or contamination of the environment by 
35 sample. Generally, this is carried out by introducing a 

, , ,n*w s is e g preamplified sample, tissue, blood, 
sample for analysis, e.g., p*« v „v,„„h 0 t- within 

saliva, etc., directly into a sample collects chamber vithin 
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the device. Typically, the prevention of cross-contamination 
of the sample may be accomplished by directly injecting the 
sample into the sample collection chamber through a sealable 
opening, e.g., an injection valve, or a septum. Generally, 
sealable valves are preferred to reduce any potential threat 
of leakage during or after sample injection. Alternatively, 
the device may be provided with a hypodermic needle integrated 
within the device and connected to the sample collection 
chamber, for direct acquisition of the sample into the sample 
chamber. This can substantially reduce the opportunity for 
contamination of the sample. 

In addition to the foregoing, the sample collection 
portion of the device may also include reagents and/or 
treatments for neutralization of infectious agents, 
stabilization of the specimen or sample, p H adjustments, and 
the like. Stabilization and pH adjustment treatments may 
include, e.g., introduction of heparin to prevent clotting of 
blood samples, addition of buffering agents, addition of 
protease or nuclease inhibitors, preservatives and the like. 
Such reagents may generally be stored within the sample 
collection chamber of the device or may be stored within a 
separately accessible chamber, wherein the reagents may be 
added to or mixed with the sample upon introduction of the 
sample into the device. These reagents may be incorporated 
within the device in either liquid or lyophilized form, 
depending upon the nature and stability of the particular 
reagent used. 

B - Sample Preparation 

In between introducing the sample to be analyzed 
into the device, and analyzing that sample, e.g., on an 
oligonucleotide array, it will often be desirable to perform 
one or more sample preparation operations upon the sample. 
Typically, these sample preparation operations will include 
such manipulations as extraction of intracellular material, 
e.g., nucleic acids from whole cell samples, viruses and the 
like, amplification of nucleic acids, fragmentation, 
transcription, labeling and/or extension reactions. One or 
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m0 re of these various operations may be readily incorporated 
into the device of the present invention. 
C. nNA Extraction 

For those embodiments where whole cells, viruses or 
5 other tissue samples are being analyzed, it will typically be 
necessary to extract the nucleic acids from the cells or 
viruses, prior to continuing with the various sample 
preparation operations. Accordingly, following sample 
collection, nucleic acids may be liberated from the collected 
10 cells, viral coat, etc., into a crude extract, followed by 
additional treatments to prepare the sample for subsequent 
operations, e.g., denaturation of contaminating (DNA binding) 
proteins, purification, filtration, desalting, and the like. 

Liberation of nucleic acids from the sample cells or 
15 viruses, and denaturation of DNA binding proteins may 

generally be performed by physical or chemical methods. For 
example, chemical methods generally employ lysing agents to 
disrupt the cells and extract the nucleic acids from the 
cells, followed by treatment of the extract with chaotropic 
20 salts such as guanidinium isothiocyanate or urea to denature 
any contaminating and potentially interfering proteins. 
Generally, where chemical extraction and/or denaturation 
methods are used, the appropriate reagents may be incorporated 
within the extraction chamber, a separate accessible chamber 

25 or externally introduced. 

Alternatively, physical methods may be used to 
extract the nucleic acids and denature DNA binding proteins. 
U.S. Patent No. 5,304,487, incorporated herein by reference m 
its entirety for all purposes, discusses the use of physical 
30 protrusions within microchannels or sharp edged particles 
within a chamber or channel to pierce cell membranes and 
extract their contents. Combinations of such structures with 
piezoelectric elements for agitation can provide suitable 
shear forces for lysis. Such elements are described in 
35 greater detail with respect to nucleic acid fragmentation, 
below. 
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More traditional methods of cell extraction may al 
be used, e.g., employing a channel with restricted cross- 
sectional dimension which causes cell l ysis when the sample 
passed through the channel with sufficient flow pressure 

5 Alternatively, cell extraction and denaturing of contaminati 
proteins may be carried out by applying an alternating 
electrical current to the sample. More specifically the 
sample of cells is flowed through a microtubular array while 
an alternating electric current is applied across the fluid 

0 flow, a variety of other methods may be utilized within the 
device of. the present invention to effect cell 
lysis/extraction, including, e.g., subjecting cells to 
ultrasonic agitation, or forcing cells through microgeometry 
apertures, thereby subjecting the cells to high shear stress 

a resulting in rupture. 

Following extraction, it will often be desirable to 
separate the nucleic acids from other elements of the crude 
extract, e.g., denatured proteins, cell membrane particles, 
salts, and the like. Removal of particulate matter is 
> generally accomplished by filtration, f lobulation or the 
like, a variety of filter types may be readily incorporated 
xnto the device. Further, where chemical denaturing methods 
are used, it may be desirable to desalt the sample prior to 
proceeding to the next step. Desalting of the sample, and 
isolation of the nucleic acid may generally be carried out in 
a single step, e.g., by binding the nucleic acids to a solid 
Phase and washing away the contaminating salts or performing 
gel filtration chromatography on the sample, passing salts 
through dialysis membranes, and the like. Suitable solid 
supports for nucleic acid binding include, e.g., diatomaceous 
earth, silica (i.e., glass wool), or the like. Suitable gel 
exclusion media, also well known in the art, may also be 
readily incorporated into the devices of the present 
invention, and is commercially available from, e.g., Pharmacia 
and Sigma Chemical. 

The isolation and/or gel filtration/desalting may be 
carried out in an additional chamber, or alternatively, the 
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particular chromatographic media may be incorporated in a 
channel or fluid passage leading to a 

chamber. Alternatively, the interior surfaces of one or more 
fluid passages or chambers may themselves be denvatized to 
provide functional groups appropriate for the desired 
plication, e.g., charged groups, affinity binding groups 
and the UXe, i.e., poly-T oligonucleotides for mRHA 

purification. __ ^v,- 

Alternatively, desalting methods may generally take 

advantage of the high electrophoretic mobility and negate of 
DNA compared to other elements. Electrophoretic methods may 
also be utilized in the purification of nucleic acids from 
other cell contaminants and debris. In one • 
separation channel or chamber of the device is fluidly 

nected to two separate "field., channels or ™ 
electrodes, e.g., platinum electrodes, disposed * 
two field channels are separated from the separat on channel 
using an appropriate barrier or "capture membrane" which 

„<■ „,rrert without allowing passage of 
allows for passage of current generally 
nucleic acids or other large molecules. The barn g 
Serves two basic functions: first, the barrier acts to retain 
Z nucleic acids which migrate toward the positive electrode 
within the separation chamber; and second, the barriers 
p event the adverse effects associated with 
the electrode from entering into the reaction ««-«<•;«•' 
acting as a salt junction, . such barriers may 
dialysis membranes, dense gels, « filters, or othe sultabl 
materials . Upon application Of an appropriat e e <^ 
the nucleic acids present in the sample will migrate towa 
the positive electrode and become trapped on the 
ZZ e. sample impurities remaining free of 
are then washed from the chamber by app V- J 
fluid flow. Upon reversal of the voltag ' urer torB . 

are released from the membrane in a substantially P urer 
Z f i Id channels may be disposed on the same or oppos te 
liJs or ends of a separation chamber or channel, and may be 
u se d in con:ucton with mixing elements described herein, to 
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ensure maximal efficiency of operation. Further 
filters may also be overlaid on barr . e F r U s rther ; 

fouling of the barriers by part icu late ma tter prot ^ 
s nucleic acids, thereby permitting repeated use " 

nucxeic acids with thpir r.«~^*. • 
utilized to separate nucleic acids, be 
utilizing a short column o a ; S o r :: h eT taninantS * 

- r - .11 slou or ret j; th °: ; r o ™; ia - — 

contaminants while allowing the faster nucleic ^ 

«tract and l;;:::!:: appucatims ' * - - 

debris and ^ " essen 9 er *«A from cells, cellular 

aeons, and other contaminants. As such fh - „ • 

Present invention may, i„ some cases Lclude T °' ^ 

DurifiMti^ ~w i ' include an mRNA 

ourL !\ ° r Ch " nel - In «•».»!. such 

purification takes advantage of the oolv 

particular and as noted able B ' H °" BRNS - In 

Mobilized within a chamber ^Zl^T^^r * 

a upon a solid support incorporated within ^ 
chamber or channel, or alternatively L ^ 

surface^) of the chamber-^ ^ ^ ™nized upon 
I»obili„ tion of oligonucleotides on the sur L of the 
chambers or channels may be carried out k 
-rein induding. e.g. . "oada JIT! l^^TVT^ 
surface followed by standard DMT synthesis : te 
oligonucleotides. 

In operation, the lvsed ? aB ni„ • 
this chamber or channel in . f 0 ^nT^ 

the ionic strength for hybridation, w Zl u h T" 
hybridize t-n ch„ • w,. wnereupon the mRNA will 

nyonaize to the immobilized polv-T hvh*-,h; ^. 

- enhanced through incorporated If ^^T^T 
described herein. After enough time has elapsed Z' 
hybridization, the chamber or channel is washed wit c i ean 
"It solution. The mRNA bound to the immobile pol tr 
oligonucleotides is then washed free in , i n „ 
buffer The ,» r ,„ OW lonic strength 

The surface area upon which the poly--- 
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■^nhiiized may be increased through the 
i;« rt miriPotides are immobilize*- 1 may 

= — — —r :;r 

ridges, grooves or « f as 
agitation o £ the «n«^-^ 0 i ig0 nucleotides 
described herein. Alternatively, silicon, 

may b e -llii- 3 ii^Is! or other solia 

zeolites silica xerogels, scinterea F 

SUPP T M pi il i £aiis ^^^^^ 

Following sample collection and nucleic acid 

+ * nnrtion of the sample is 
extraction, the nucleic acid portion reacti ons. 
tvnically subjected to one or more preparative reaction 
typically suoje inrlude in vitro transcription, 

These preparative reactions include in vat ftns 
These prep icat ion and other reactions, 

labeling, fragmentation, «^ he number of copies of 

Nucleic acid amplification increases th 

the target nucleic acid «~ ^^f^ ^ me thods and 
amplification methods are suitably the 
device of the present invention inc uding f ^ 
polymerase chain reaction method or (PCR) , th 1 1 1 

fLCIO self sustained sequence replication 3SK) 
reaction (LCR) , seir icat ion (NASBA) • 

nucleic acid based sequence amplification 1 • 

The latter two amplification methods involve 

* «n isothermal transcription, whicn 
isothermal reactions based °" and double stran ded 

produce both single stranded FNA (ssRNA) 
s La <ds D HA, as the a,pliacation ^products - r at „o 

a p pr o*i m ately 30 or 100 to r esp ect ™» „ ay 

where these latter methods are empi y 

*. vne of substrate, i.e., 
be carried out using either type or 

in P«*i«l"W * techniqU es that are veil known 
step is carried out """J™^^ t0 Method s and 
in the art. see PCS ° ^ , 3 . and vmite, 

AppUcations <I»»»£- * ^ / incorpora ted herein by 
,.. eds.) Academic P ess < ^ aBpU£ication 

35 reference in its entirety t nuclelc 

generally involves th, , use o on .« ^ ^ ^ Qf 

acid sequence as a template ror f 
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complements to that sequence. Generally, two primer sequences 
complementary to different ends of a segment of the 
complementary strands of the target sequence hybridize with 
their respective strands of the target sequence, and in the 
» Presence of polymerase enzymes and nucleoside triphosphates 
the primers are extended along the target sequence. The ' 
extensions are melted from the target sequence and the process 
is repeated, this time with the additional copies of the 
target sequence synthesized in the preceding steps. PC R 
amplification typically involves repeated cycles of 
denatura tion, hybridization and extension reactions to produce 
suff^ent amounts of the target nucleic acid. The first step 
of each cycle of the PCR involves the separation of the 
nucleic acid duplex formed by the primer extension, once the 
strands are separated, the next step in PCR involves 
hybridizing the separated strands with primers that fl ank the 
target sequence. The primers are then extended to form 
complementary copies of the target strands. For successful 
PCR amplification, the primers are designed so that the 
position at which each primer hybridizes along a duplex 
sequence is such that an extension product synthesized from 
one primer, when separated from the template (complement) 
serves as a template for the extension of the other primer. 
The cycle of denaturation, hybridization, and extension is 
repeated as many times as necessary to obtain the desired 
amount of amplified nucleic acid. 

In PCR methods, strand separation is normally 
achieved by heating the reaction to a sufficiently high 
temperature for a sufficient time to cause the denaturation of 
the duplex but not to cause an irreversible denaturation of 
the polymerase enzyme (see U.S. Patent No. 4,965 188 
incorporated herein by reference). Typical heat 'denaturation 
involves temperatures ranging from about 80»C to I05°c for 
times ranging from seconds to minutes, strand separation 
however, can be accomplished by any suitable denaturing method 
including physical, chemical, or enzymatic means, strand 
separation may be induced by a helicase, for example, or an 
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enzyme capable of exhibiting helicase activity. For example, 
the enzyme RecA has helicase activity in the presence of ATP. 
The reaction conditions suitable for strand separation by 
helicases are known in the art (see Kuhn Hof fman-Berling, 
1978, C5fM?ua*titative Biology, 43:63-67; and Raddmg, 1982, 
Jinn. *ev. Genetics 16:405-436, each of which is incorporated 
herein by reference) . Other embodiments may achieve strand 
separation by application of electric fields across the 
sample. For example, Published PCT Application Nos. WO 
92/04470 and WO 95/25177, incorporated herein by reference, 
describe electrochemical methods of denaturing double stranded 
DNA by application of an electric field to a sample containing 
the DNA. Structures for carrying out this electrochemical 
denaturation include a wording electrode, counter electrode 

i --^ho a rranaed in a potentiostat arrangement 
and reference electrode arranged in a & 

across a reaction chamber (See, Published PCT AppUcation Nos. 
WO 92/04470 and WO 95/25177, each of which is incorporated 
herein by reference for all purposes, . Such devices may be 
readUy miniaturized for incorporation into the devices of the 
present invention utilizing the microf abrication techniques 

described herein. 

Template-dependent extension of primers in PCR is 

catalyzed by a polymerizing agent in the presence of adequate 
amounts of at least 4 deoxyribonucleotide triphosphates 
(typically selected from dATP, dGTP, dCTP, dUTP and dTTP) in a 
reaction medium which comprises the appropriate salts, metal 
cations, and pH buffering system. Reaction components and 
conditions are well Known in the art (See PCS ™*«*"'- 
Guide to Methods and Applications (Innis, «., Gelfand D., 

uhif. t eds.) Academic Press (1990), 
<?ninskv. J. and White, l>, eus>.; «~ 

SninsJcy, e rence) . Suitable polymerizing 

previously incorporated by reference, 

agents are enzymes known to catalyze template-dependent DNA 

SyntheS1S ' published PCT Application No. WO 94/05414, to 
Horthrup and White, discusses the us of a ™ ic ~ PCR 
which incorporates microheaters and ,icro P umps in the thermal 
cycling and mixing during the PGR reactions. 
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The amplification reaction chamber of the device may 
comprise a sealable opening for the addition of the various 
amplification reagents. However, in preferred aspects, the 
amplification chamber will have an effective amount of the 
various amplification reagents described above, predisposed 
within the amplification chamber, or within an associated 
reagent chamber whereby the reagents can be readily 
transported to the amplification chamber upon initiation of 
the amplification operation. By "effective amount- is meant a 
quantity and/or concentration of reagents required to carry 
out amplification of a targeted nucleic acid sequence. These 
amounts are readily determined from known PGR protocols. See, 
e.g., Sambrook, et al. Woiecular Cloning: A Laboratory Manual 
(2nd ed.) vols. 1-3, cold spring Harbor Laboratory, (i 98 9) and 
PCR Protocols: A Guide to Methods and Applications (Innis, M. , 
Gelfand, D. , Sninsky, J. and White, T. , eds.) Academic Press" 
(1990), both of which are incorporated herein by reference for 
all purposes in their entirety. For those embodiments where 
the various reagents are predisposed within the amplification 
or adjacent chamber, it will often be desirable for these 
reagents to be in lyophilized forms, to provide maximum shelf 
life of the overall device. Introduction of the liquid sample 
to the chamber then reconstitutes the reagents in active form, 
and the particular reactions may be carried out. 

In some aspects, the polymerase enzyme may be 
present within the amplification chamber, coupled to a 
suitable solid support, or to the walls and surfaces of the 
amplification chamber. Suitable solid supports include those 
that are well known in the art, e.g., agarose, cellulose, 
silica, divinylbenzene, polystyrene, etc. Coupling of enzymes 
to solid supports has been reported to impart stability to the 
enzyme in question, which allows for storage of days, weeks or 
even months without a substantial loss in enzyme activity, and 
without the necessity of lyophilizing the enzyme. The 94 kd, 
single subunit DNA polymerase from Thermus aquaticus (or tag 
polymerase) is particularly suited for the PCR based 
amplification methods used in the present invention, and is 
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generally commercially available from, e.g., Promega, Inc., 
Madison, WI. in particular, monoclonal antibodies are 
available which bind the enzyme without affecting its 
polymerase activity. Consequently, covalent attachment of the 
5 active polymerase enzyme to a solid support, or the walls of 
the amplification chamber can be carried out by using the 
antibody as a linker between the enzyme and the support. 

In addition to PCR and IVT reactions, the methods 
and devices of the present invention are also applicable to a 
10 number of other reaction types, e.g., reverse transcription, 
nick translation, and the like. 

E. T.ahPlina «nri Fragmentation 

The nucleic acids in a sample will generally be 
labeled to facilitate detection in subsequent steps. Labeling 
15 may be carried out during the amplification, in vitro 

transcription or nick translation processes. In particular, 
amplification, in vitro transcription or nick translation may 
incorporate a label into the amplified or transcribed 
sequence, either through the use of labeled primers or the 
20 incorporation of labeled dNTPs into the amplified sequence. 

Alternatively, the nucleic acids in the sample may 
be labeled following amplification. Post amplification 
labeling typically involves the covalent attachment of a 
particular detectable group upon the amplified sequences. 
25 Suitable labels or detectable groups include a variety of 

fluorescent or radioactive labeling groups well known m the 
art. These labels may also be coupled to the sequences using 
methods that are well known in the art. See, e.g., Sambrook, 

^ in addition, amplified sequences may be subjected to 

other post amplification treatments. For example, in some 
cases, it may be desirable to fragment the sequence prior to 
hybridization with an oligonucleotide array, in order to 
provide segments which are more readily accessible to the 
35 probes, which avoid looping and/or hybridization to multiple 
probes. Fragmentation of the nucleic acids may generally be 
carried out by physical, chemical or enzymatic methods that 
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are known in the art. These additional treatments may be 
performed within the amplification chamber, or alternatively 
may be carried out in a separate chamber. For example, 
physical fragmentation methods may involve moving the sample 
containing the nucleic acid over pits or spikes in the surface 
of a reaction chamber or fluid channel. The motion of the 
fluid sample, in combination with the surface irregularities 
produces a high shear rate, resulting in fragmentation of the 
nucleic acids. m one aspect, this may be accomplished in a 
miniature device by placing a piezoelectric element, e.g. a 
PZT ceramic element adjacent to a substrate layer that covers 
a reaction chamber or flow channel, either directly, or 
through a liquid layer, as described herein. The substrate 
layer has pits, spikes or apertures manufactured in the 
surface which are within the chamber or flow channel. By 
driving the PZT element in the thickness mode, a standing wave 
is set up within the chamber. Cavitation and/or streaming 
within the chamber results in substantial shear. Similar 
shear rates may be achieved by forcing the nucleic acid 
containing fluid sample through restricted size flow passages, 
e.g., apertures having a cross-sectional dimension in the 
micron or submicron scale, thereby producing a high shear rate 
and fragmenting the nucleic acid. 

A number of sample preparation operations may be 
carried out by adjusting the pH of the sample, such as cell 
lysis, nucleic acid fragmentation, enzyme denaturation and the 
like. Similarly, pH control may also play a role in a wide 
variety of other reactions to be carried out in the device, 
i.e., for optimizing reaction conditions, neutralizing acid or 
base additions, denaturing exogenously introduced enzymes, 
quenching reactions, and the like. Such pH monitoring and 
control may be readily accomplished using well known methods. 
For example, pH may be monitored by incorporation of a pH 
sensor or indicator within a particular chamber. Control may 
then be carried out by titration of the chamber contents with 
an appropriate acid or base. 
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in an alternative aspect, the device may include an 
electronically controlled pH system. In operation, an 
electrode is placed adjacent, e.g., in fluid contact, to a 
reaction chamber wehile a counter electrode is positioned 
within a second chamber or channel fluidly connected to the 
first. Upon application of current to these electrodes, the 
P H of the reaction chamber is altered through the electrolyse 
of water at the surface of the electrode, producing 0 2 and 
hydrogen. A pH sensor may also be included within the 
reaction chamber to provide for monitoring and/or feedback 
control of the precise pH within the chamber. 

One example of a reaction chamber employing an 
electronic P H control system is shown in Figure 11. As shown, 
a device 1100 fabricated from two planar members 1102 and 
1104, includes three distinct chambers, a reference chamber 
1106 a reaction chamber 1108, and a counter-electrode chamber 
Hio'. Each of the reference chamber 1106 and counter- 
electrode chamber 1110 are fluidly connected to the reaction 
chamber 1108, e.g., via fluid passages 1112 and 1114. These^ 
passages are typically blocked by an appropriate barrier 1116, 
e.g., dialysis membrane, gel plug or the like, to prevent the 
electrophoretic passage of sample elements between the 
chambers. The reference chamber 1106 typically includes a 
reference electrode 1118. The reference electrode may be 
fabricated, e.g., from a platinum, gold or nickel screen 
pressed with a mixture of teflon and platinum black (producxng 
a hydrogen electrode) . The reaction chamber 1108 typically 
includes an electrolysis electrode 1120, e.g., a platinum, 
gold or nickel screen coated with an appropriate terrier, 

n r,^ laver and a hydrogen electrode 1122, 

e.g.. polyacrylamide ge^ layer, <anu j 

elso protected with an appropriate barrier. The reference 
electrode 1118 and hydrogen electrode 1122 are connected to an 
electrometer 1126 for monitorin, the pH within the reaction 
chamber. The counter-electrode chamber 1110 typically 
, includes the counter-electrode 1123, a sin gl e Ola 

U or nicfcel screen electrode. The electrolysis electrode 
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and counter-electrode are connected to an appropriate current 
cource 1124. 

Upon introduction of the sample, e.g., a cell 
suspension or nucleic acid containing sample, a current is 
5 applied by the current source. Electrolysis at the 

electrolysis electrode alters the. pH within the reaction 
chamber 1108. The electrometer compares the pH sensed by the 
voltage between the reference and hydrogen electrodes. This 
signal may be compared to a set-point by appropriate means, 
0 e.g., an appropriately programmed computer or other 

microprocessor 1128, and used to control the application of 
current. The resulting system allows the automated control of 
pH within the reaction chamber by varying the set-point 
signal. 

5 F« Sample Analysis 

Following the various sample preparation operations, 
the sample will generally be subjected to one or more analysis 
operations. Particularly preferred analysis operations 
include, e.g., sequence based analyses using an 

' oligonucleotide array and/or size based analyses using, e.g., 
microcapillary array electrophoresis. 

Oligonu cleotide Probe Array 
In one aspect, following sample preparation, the 
nucleic acid sample is probed using an array of 
oligonucleotide probes. Oligonucleotide arrays generally 
include a substrate having a large number of positionally 
distinct oligonucleotide probes attached to the substrate. 
These oligonucleotide arrays, also described as "Genechip™ 
arrays," have been generally described in the art, for 
example, U.S. Patent No. 5,143,854 and PCT patent publication 
Nos. wo 90/15070 and 92/10092. These pioneering arrays may be 
produced using mechanical or light directed synthesis methods 
which incorporate a combination of photolithographic methods 
and solid phase oligonucleotide synthesis methods. See Fodor 
et al., Science, 251:767-777 (1991), Pirrung et al., U.S. 
Patent No. 5,143,854 (see also PCT Application No. WO 
90/15070) and Fodor et al., PCT Publication No. WO 92/10092, 
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all incorporated herein by reference. These references 
disclose methods of forming vast arrays of peptides, 
oligonucleotides and other polymer sequences using, 
for example, light-directed synthesis techniques. Techniques 
for the synthesis of these arrays using mechanical synthesis 
strategies are described in, e.g., PCT Publication No. 
93/09668 and U.S. Patent No. 5,384,261, each of which is 
incorporated herein by reference in its entirety for all 
purposes. Incorporation of these arrays in injection molded 
polymeric casings has been described in Published PCT 
Application No. 95/33846. 

The basic strategy for light directed synthesis of 
oligonucleotide arrays is as follows. The surface of a solid 
support, modified with photosensitive protecting groups is 
illuminated through a photolithographic mask, yielding 
reactive hydroxyl groups in the illuminated regions. A 
selected nucleotide, typically in the form of a 3 ' -O- 
phosphoramidite-activated deoxynucleoside (protected at the 5" 
hydroxyl with a photosensitive protecting group) , is then 
presented to the surface and coupling occurs at the sites that 
were exposed to light. Following capping and oxidation, the 
substrate is rinsed and the surface is illuminated through a 
second mask, to expose additional hydroxyl groups for 
coupling. A second selected nucleotide (e.g., 5 • -protected , 
3 '-O-phosphoramidite-activated deoxynucleoside) is presented 
to the surface. The selective deprotection and coupling 
cycles are repeated until the desired set of products is 
obtained. Since photolithography is used, the process can be 
readily miniaturized to generate high density arrays of 
oligonucleotide probes. Furthermore, the sequence of the 
oligonucleotides at each site is known. See, Pease, et al. 
Mechanical synthesis methods are similar to the light directed 
methods except involving mechanical direction of fluids for 
deprotection and addition in the synthesis steps. 

Typically, the arrays used in the present invention 
will have a site density of greater than 100 different probes 
per cm 2 . Preferably, the arrays will have a site density of 




WO 97/02357 PCT/US96/11147 



24 



greater than 500/cm 2 , more preferably greater than about 
1000/cm 2 , and most preferably, greater than about 10 , 000/cm 2 . 
Preferably, the arrays will have more than 100 different 
probes on a single substrate, more preferably greater than 
about 1000 different probes still more preferably, greater 
than about 10,000 different probes and most preferably, 
greater than 100,000 different probes on a single substrate. 

For some embodiments, oligonucleotide arrays may be 
prepared having all possible probes of a given length. Such 
arrays may be used in such areas as sequencing or sequence 
checking applications, which offer substantial benefits over 
traditional methods. The use of oligonucleotide arrays in 
such applications is described in, e.g., U.S. Patent 
application Serial No. 08/515,919, filed July 24, 1995, and 
U.S. Patent Application Serial No. 08/284,064, filed August 2, 
1994, each of which is incorporated herein by reference in its 
entirety for all purposes. These methods typically use a set 
of short oligonucleotide probes of defined sequence to search 
for complementary sequences on a longer target strand of DNA. 
The hybridization pattern of the target sequence on the array 
is used to reconstruct the target DNA sequence. Hybridization 
analysis of large numbers of probes can be used to sequence 
long stretches of DNA. 

One strategy of de novo sequencing can be 
illustrated by the following example. A 12-mer target DNA 
sequence is probed on an array having a complete set of 
octanucleotide probes. Five of the 65,53 6 octamer probes will 
perfectly hybridize to the target sequence. The identity of 
the probes at each site is known. Thus, by determining the 
locations at which the target hybridizes on the array, or the. 
hybridization pattern, one can determine the sequence of the 
target sequence. While these strategies have been proposed 
and utilized in some applications, there has been difficulty 
in demonstrating sequencing of larger nucleic acids using 
these same strategies. Accordingly, in preferred aspects, SBH 
methods utilizing the devices described herein use data from 
mismatched probes, as well as perfectly matching probes, to 
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+ » as described in U.S. Patent 
suppl y useful seance a , - . ^ ^ 

Appuca r ile oiZLi^** - - epared having 

v possible sequence of length n, it will often be 
every possible seq Dresen t invention to provide an 

oesirable in practicing th and complementary to a 

oligonucleotide array which is sp.cn i 

-j eflffl1l> nce For example, in 
particular nucleic ac : d e c, ^ array will 

particularly pre are compl ementary to 
contain oligonucleotide probes mn itinle 
-*>,. i-*r a et sequences, and individual or multiple 
specific target sequen _ particularly useful in 

nations of -se^ ~ ^ _ characterized by 

the of : iar nucleic ac id sequence. For 

the presence of a particui _ particular 

„i D the tarqet sequence may be that or a p« . 

example, the targe q imroU nodef iciency 

target sequence may be that portion o disor der, 

*. mnrated in instances of a partii-uxa 

is known to be mutated in Application Serial 

• a sickle cell anemia (see, e.g., U.S. Appnc 
i.e., sicKie cbii . in bv reference) or 

No. 08/082, 937, previously incorporated herein by 

cystic fibrosis the ar ray generally 

In such an applies""". 

at least four sets of oligonucleotide probes, 

comprises at least £ ^ nucleoti des in length. A 

5 USUaUY T t has a probe corresponding to each nucleotide 
first Drobe set has a prooe r- 

!! ,™t sequence. A probe is related to it. 
„ the target ^ eMetly COBpleI .entary to a 

correspondm, nucleotl y ^ 

subsequence of the target s q ^ position, 

0 corresponding nucleotide. Thus, each p ^ 

designated an ^e c^ espon i^ nucleotide in 

complementary ^ ^ ~ ^ probe sets each 

the target sequence^ The th ^ ^ ^ ^ 

have a corresponding probe ror nQsit ion with the 

35 set, but substituting the ^ ^ ide in the 

three other nucleotides^ , us ^ „ £ron 

target sequence, there are iou 
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each of the probe sets. The three corresponding probes in the 
three additional probe sets are identical to the corresponding 
probe from the first probe or a subsequence thereof that 
includes the interrogation position, except that the 
interrogation position is occupied by a different nucleotide 
in each of the four corresponding probes. 

Some arrays have fifth, sixth, seventh and eighth 
probe sets. The probes in each set are selected by analogous 
principles to those for the probes in the first four probe 
sets, except that the probes in the fifth, sixth, seventh and 
eighth sets exhibit complementarity to a second reference 
sequence. m some arrays, the first set of probes is 
complementary to the coding strand of the target sequence 
while the second set is complementary to the noncoding strand 
Alternatively, the second reference sequence can be a 
subsequence of the first reference sequence having a 
substitution of at least one nucleotide. 

In some applications, the target sequence has a 
substituted nucleotide relative to the probe sequence in at 
least one undetermined position, and the relative specific 
bmdmg of the probes indicates the location of the position 
ana the nucleotide occupying the position in the target 
sequence. 

Following amplification and/or labeling, the nucleic 
acid sample is incubated with the oligonucleotide array in the 
hybridization chamber. Hybridization between the sample 
nucleic acid and the oligonucleotide probes upon the array is 
then detected, using, e.g., epif luorescence confocal 
microscopy. Typically, sample is mixed during hybridization 
to enhance hybridization of nucleic acids in the sample to 
nucleoc acid probes on the array. Again, mixing may be 
carried out by the methods described herein, e.g., through the 
use of piezoelectric elements, electrophoretic methods, or 
physical mixing by pumping fluids into and out of the 
hybridization chamber, i.e., into ar adjoining chamber. 
Generally, the detection operation wUl be performed using a 
reader device external to the diagnostic device. However, it 
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• C n mP cases, to incorporate the data 
ro ay be desirable xn some cases, 

gathering operation ^^^ ^xt analyzed to determine 

The hybridizatxon ^\^ c . within the 

the presence or absence of . P rt cu £ < ^ 
sample, or by analyzing multxp 1 hybr 
the sequence of the target nuclexc acxd 

techniques already described ^ oUgonucleotides may be 

Tn some cases/ "jf^* , . ;*f 

_ ■ Ji „ tlon For example, vghere biotin 
iabeled following hybridization. ' or 

la beled dNTPs are used in e.g. amp ^ ^ ^ 

transcription, streptavidin inKe re , ^ 
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integratable xnto the systems 

In some embodiments, it may ~ nuclelc 
additional, or alternative means for «n.lY»J 
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Electrophoresis oi * samP le. The use of 

^ • ~~ nrn f Hp for the sampic. 
size based separation profile f ion of nucleic 

microcapillary electroph oresis ^ 

aci ds has been report d ' ^ Microca pillary 

Jifl Acad. SCI. DSA (193") ovides a rapid method for 

arr ay electrophoresis u and restriction 

siI e ™ P surfac e to volume ratio of these 

fragment sizing. The hi, higher electric 

capillaries allows for the appli^ ml 
fields across the capllla y . ^ ently allouin g for more 
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range of attcoles, which is comparable to the sensitivity of 
radioactive sequencing methods. nsitivity of 

Microfabrieation of microfluidic devices i 
■ucrocapiUary electrophoretic devices has been I nClUdin9 
» °etai! in , Ja L CUSMd in 

1118 pf fMh ' ' Chem ' (1994) 66:1114- 

J.J.J.B, Errenhauser et- ai a„=,7 -^j-j-h 

H.-rrt. ' CAeI "' (1994 ) 66:2949-2953 

Harrison, et al., Science (19s3) 26l . 8 „.„ ? ' 2953 ' 

al. toil. CAM,. U 993, 65-2637-L, 1 I "^""^ ■ « 

„,„ „' I,™ Typically the " "" " 

comprise photolithographic etching m In ! IlHT , 
« =iU=a, silicon or other ri gid substrate o r chl p Z h °" 
readily adapted for use in the miniatured dev « "l" " 

L e" f:~- " ~ ™— «» capillary arrays 

for the ab cat f "~ P ° lyMriC 

injection mIL *** ° f d6Vi «' usi "« 'he 

tte l l 9 teCh " i,UeS dSSCribed her6in - «*> cases 

mst P ana a r ry T ^""^ »" ^o a 

Ports c rr SD o d e " ent ' * """" P °^ ri ' — ~ having 

disposed theL" h "* ten " inl 0t ^ CaPU1 ° ry '—Is 

isposed therethrough, is laminated or sonicallv „ 
thA . ^onicaixy welded onto 

the first to provide the top surface of <->,., ,. 
Elect™*.. . , surface of these channels. 

Electrodes for electrophoretic control are disposed within 
these ports/wells for application of the electric, 
the caniii,™ ,. , electrical current to 

sheet as th. " Thr ° U9h ° f * "latively this 

generated d COVer1 " 9 ° f " PiU ^ <*»"1.. heat 

ZZZlt 2 eleCtrOPh °" Sis * »P"ly dissipated. 
Additionally, the capiUary channels may be coated with more 
thermally conductive material, e.g., giass or ceramic to 
enhance heat dissipation. 

caoin* • ^ Caplllary electrophoresis methods, the 

e d eS ; e -'- ^ SU1Ca or channels 

wUh m Z ! ^ " "° lded int ° Pl «" -Urates, are fined 

ically, a 



varietv » • * """■ L *' -typically, a 

variety of sieving matrices are Known in the art may be used 

in the microcapillary arrays. Examples of such matrices 



i npl ,,^ r Wi ouv -" matrices 

include, e.g., hydroxyethyl cellulose, polyacrvlamid. , 
and the like coi ma ^- P°iyacrylamide, agarose 

like, eel matrices may be introduced and polymerized 
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, llarv rhannel However, in some cases, this 
,,-iw>in the capillary cnannei. 

I esu t in entrapment of bubbles ""bin the channe s w xch 
"an interfere with sample separations. Accordingly, it . 
often desirable to place a preformed separation matrxx wxthxn 
a iUary channel <s, , prior to matin, the Planar element 
of the capillary portion, Fixing, the two part through 
sonic welding, permanently fixes the matrix within the 
channel. Polymerization outside of the channe he t 
ensure that no bubbles are formed. > ^ ^ 

the welding process helps to ensure a void-free system^ 
Generally, the specific ,.1 matrix, running 
running conditions are selected to maximize "»»*"£ m 
characteristics of the particular application, eg the size 
of the nucleic acid fragments, the required resoiution, and 
t e presence of native or undenatured nucleic acid modules. 
F or example, running buffers may include 
chaotropic agents such as urea or the lx*e, to denature 

nucleic acds in the sample. 

in addition to its use in nucleic acxd 
..fingerprinting" and other sized based analyses he capiUary 
arrays may also be used in sequen cing app ica o . n 
particular, gel based sequencing techniques may 

.rrav electrophoresis. For example, 
adapted for capillary array ei r 

p , „„.,(. ,„ av be combined with the Sanger 

capillary electrophoresis may o Ji= „, =se d in 

„ • »»rmination sequencing methods as discussed in 
, dideoxy chain termination s q 

Sambroolc, et al. (See also Brenner, et al Proc^ 
Sol. (1*M) 36=8902-890*,. In these methods th e samp 

is amplified in the presence of fluorescent 
nucleic acid is ampixn extension reaction. The 

dideoxynucleoside triphosphates in an t . rminat es 

the dideoxynucleotides terminates 
0 random incorporatxon of th did ^ ^ of 

transcription of ^ , another member by a 

transcription products >£*™ sepa „ tlon the n allows 
single base, comparatxv " be determined based upon 

the sequence of the nucleic acid to 
, 5 the last dideoxy nucleotide to be incorporated. 
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■ G. Data Gathering q n( j Analy tic 

Gathering data from the various analysis operations 
e.g., oligonucleotide and/or microcapillary arrays, will 
typically be carried out using methods known in the art. For 
5 example, the arrays may be scanned using lasers to excite 
fluorescently labeled targets that have hybridized to regions 
of probe arrays, which can then be imaged using charged 
coupled devices ("CCDs") for a wide field scanning of the 
array. Alternatively, another particularly useful method for 
10 gathering data from the arrays is through the use of laser 
confocal microscopy which combines the ease and speed of a 
readily automated process with high resolution detection 
Particularly preferred scanning devices are generally 
described in, e.g., U.S. Patent Nos. 5,143,854 and 5,424,186 
15 Following the data gathering operation, the data 

will typically be reported to a data analysis, operation. To 
facilitate the sample analysis operation, the data obtained by 
the reader from the device will typically be analyzed using a 
digital computer. Typically, the computer will be 
20 appropriately programmed for receipt and storage of the data 
from the device, as well as for analysis and reporting of the 
data gathered, i.e., interpreting fluorescence data to 
determine the sequence of hybridizing probes, normalization of 
background and single base mismatch hybridizations, ordering 
25 of sequence data in SBH applications, and the like, as 
described in, e.g., U.S. Patent Application SerialNo. 

08/327,525, filed October 21, 1994, and incorporated herein by 
reference. 

30 111 • The NueWc Acid pi aanost^ s y c» M 

A * Analytical System 

A schematic of a representative analytical system 
based upon the device of the invention is shown in Figure l 
The system includes the diagnostic device 2 which performs one 
or more of the operations of sample collection, preparation 
and/or analysis using, e.g., hybridization and/or size based 
separation. The diagnostic device is then placed in a reader 
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information FT'-* « ^ ^ frOT the reader device to a 
separa tion ^ ^ ulth appropriate so ftw a re for 

computer 6 which is progra ^ £rom the 

interpreting the data obtain, - « - ^ 
diagnostic device. »««P™»"^ ^ of „ ays , including 
di a gnosti= device may he use e / toward . particular 

nucleic acid se q uenc,n, v ch i ^ 

disease causing J" 0 " „ disorde rs, e.g., sickle 

e.g., AIDS, malaria, etc. or gene ^ 

eel! anemia, cystic ^^ u ™ * t ernatively, «» 

can be employed in Dre viously unknown sequence, 

the nucleic acid sequence of a previ 

B . niaan ^^ nevice 

1. r.onP.rallV 

"~ \. , he device of the present 

As described above, the device o 

w 1= n f carrvinq out a number of 
invention is generally capaoie _ 1e> To achieve 

preparative and analytica! reaction, . » . . ^ 
this end, the device genera disposed uithin a 

reaction, /^"T^.^ „ herein as a 

single unit or body. «hlle referr appreci ate 

"diagnostic device," those of sKill n the 

^ • . nf the invention will have a variety 
that the device o£ diagnost ics, alone, such 

S applications outside the scope * le 

appiications inciude sequencing appl catio 
identification and characterization appU= 
taxonomic studies, forensic applications, i.e., 
investigations, and the like). ^ 

Typically, the body « t» de ^ ^ 

various reaction chambers and f luid P^ fabrication ot 

aBo ve described operations are disposed 

the body, and thus - ™ S b ^ "ed Mt using one or a 
within the hody may ener lV eii ^ ^ >cturljl , 

,5 combination of a variety th . materi al from which 

techniques and materials. Gener y ^ ^ 

the body is fabricated will be selec 
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maximum resistance to the fun * 

the device win be exposed e ""dition. to which 

salt nH XP ° Sed ' e ' g " ^tremes of temperature 

salt, PH , application of electric fields and th- f-/ 

will also be select * llke ' and 

oe selected for compatibility with «4-w 
5 used in the device \ her mate rials 

introduced as nil Addltl ° nal com P°"-ts may be later 

auced, as necessary, into the body Alt«rn»n , 
device may be fomon * Alternatively, the 

»ay oe formed from a plurality of disrirw - ^ 
are later assembled or mated For . , that 
individual chambers and fluid pass ? ' '^"^ 

0 Provide the various chaJ * assembl * d to 

«e various chambers of the device. 

As a miniaturized device i-h a k«j 
will typical lv „ D device, the body of the device 

typically be approximately 1 to 20 ™. i 
1 to 10 cm in width bv a . «. ln length ^ abo "t 

ah-k . 7 bOUt °' 1 to abo "t 2 cm thick 

Although indicative of a r-o^ , tnick. 

uve or a rectangular shaDe it win v. 
appreciated that the devices of , he be readily 

in any number of shapes d eD L lnVenti ° n * 

Additionally these dil ^ ^ Pa " iCUlar 

AJf ' »-nese dimensions will funi^^n,. 

upon the number of operations J h yP1Cally Vary Ending 
the comn , nations to be performed by the device 

the complexity of these operations and the li ke Ac 
these dimensions are provide *<= 3 CeSUlt ' 

size of the device Th* n,, m K indication of the 

aevice. The number and size of the reaction 
chambers included within the device will ,1, reaCtlon 
upon the soecif^ »„ 1 • • Vary de P e nding 

p ™ specific application for which the device is k 

i;« nc r erauy ' the devi - « iia :° be 

tlTT t " S T n ChamBerS ' -t least three 

size I„I sh ! IMlVldUal reaCtion <*aBbers "ill also vary i„ 

irtriiir specific - - 

reaction „ u sample, ln some cases, circular 

react io „ IT" "* ™ Pl0yed ' Alt "»«-ly, elongate 
react c„ TT "* ^ In 9e " eral — - the 

ZTll 2 T 4,111 from about °- os t0 ™ - - 

n 1 „ :^r: rably from about °- 1 ° r °- s <• ■*« 

and pre el , o T It" ^ '° ^ 5 ™ ^ 

* iy o.05 to about l mm deep. For elongate 

TZT'rllTT 11 aUo typically vary 310,19 °— — 

ran,es. Fluxd channels, on the other hand, are typlc.li. 
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distinguished from chambers in having smaller dimensions 
relative to the chambers, and will typically range from about 
10 to about 1000 m» wide, preferably, 100 to 500 M m wide and 
about 1 to 500 ^ deep. Although described in terms of 
reaction chambers, it will be appreciated that these chambers 
may perform a number of varied functions, e.g., as storage 
chambers, incubation chambers, mixing chambers and the like 

in some cases, a separate chamber or chambers may be 
used as volumetric chambers, e.g., to precisely measure fluid 
volumes for introduction into a subsequent reaction chamber, 
in such cases, the volume of the chamber will be dictated by 
volumetric needs of a given reaction. Further, the device may 
be fabricated to include a range of volumetric chambers having 
varied, but known volumes or volume ratios (e.g., in 
comparison to a reaction chgamber or other volumetric 
chambers) . 

As described above, the body of the device is 
generally fabricated using one or more of a variety of methods 
Id materials suitable for microf abricat ion techniques. For 
example, in preferred aspects, the body of the device my 
comprise a number of planar members that may individually 
Section molded parts fabricated from a variety of P o ymeric 
materials, or may be silicon, glass, or the like In the 
of substrates like silica, glass or silicon, methods for 
etching, milling, drilling, etc., may be used to ^JrT 
and depressions which make up the various reaction chambers 
and fluid channels within the device. Microf ab - catl °" 
techniques, such as those regularly used in the -«c«nd»ctor 
and microelectronics industries are particularly suited to 
, these materials and methods. These techniques include, e.g., 
electrodeposition, low-pressure vapor deposition, 

electro P ^ om , cal etching, reactive ion etching 

photolithography, wet chemical etcning, 

„ -n4„„ »nd the like. Where these methods are 
fRTE^ laser drilling, ana x.ne ii« 

' 1 , , , h. desirable to fabricate the planar 

used it will generally be desiraDie to 

used, it wxx y „ a ^ 0 ^ ia i s similar to those used in 

5 members of the device from materials simii 

• i e silica, silicon, gallium 

the semiconductor industry, i.e., sin 

^ - tt c Patent: No. 5,252, 2y<*, 
arsenide, polyimide substrates. U.S. Patent 
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Kroy et al., incorporated herein by reference in its entirety 

im^rr^; re r ts the fabrication ° f a — *~ 

~ tU " SamPle handli - *" 



particular . ^ meth ° dS ° f StChing s ^trate S are 
particularly well suited for the microfabrication of these 

substrates and are well known in the art » 
f i_ e4 . . _ n in rfte art - For example, the 

*«t sheet of a substrate may be overlaid with a photoresist 
An electromagnetic radi*^«„ » *"'°wesist. 

'"-Diieuii, iaCIiatlOn SOUrce mav 4-k> An u_ i- 

nr^^j^r of cha " bers and/or channeis 

„ h «. eet " After removing the exposed 

Photoresxst, the exposed substrate may be etched to produce 
the d esired wells and channeis _ Generauy * 

photoresists include those used extensively in the 
semiconductor industry, such materials include polymethyl 

methacrylate (PMMA) and its derivatives and 

r-.;.^ „ . "envauves, and electron beam 

oTscussed " POll "° lefin SUlf — ' — th.- 11*. (more fuuy 
d-cussed in. e.g., Gh a„di, "VLSr fabrication Principle, « 

t i ll:' r aPt£r in =° rPOr "- by reference in 

its entirety for all purposes) . 

surfac. / S 3n eXamPle ' WeUS manufa ^ured into the 
surface of one planar member make up the various reaction 
chambers of the dpviro , ion 

/ device. Channels manufactured into the 

surface of this or another planar member make up fluid 
channels which are used to fluidly connect the various 

ZTHZ T*""' A "° ther PlanSr — »" is «« Pl-ed over 
and bonded to the first, whereby the wells in the first ZZr 

^z*T°r ltieB within the tody •< *■» — « 

IZ T , Vari ° US reaCti0 " ChMb « s ° f the device. 

Similarly, fluid channels manufactured in the surface of one 

Planar Member , when covered with a second planar member define 
fluid passages through the body o, the device . These planar 

IZT, r t09 " her ° r laminatSd t0 ■ ""id 

tight body of the device. Bonding of the planar members of 

the device may generally be carried out using a variety of 

methods known in the art and which may vary depending upon the 
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materials used. For example, adhesives may generally be used 
to bond the planar members together. Where the planar members 
are e g glass, silicon or combinations thereof, thermal 
bonding, anodic/electrostatic or silicon fusion bonding 
methods may be applied. For polymeric parts, a similar 
variety of methods may be employed in coupling substrate parts 
together, e.g., heat with pressure, solvent based bonding. 
Generally, acoustic welding techniques are generally 
preferred. In a related aspect, this adhesive tapes may be 
employed as one portion of the device forming a thin wall of 
the reaction chamber/channel structures. 

Although primarily described in terms of producing a 
fully integrated body of the device, the above described 
methods can also be used to fabricate individual discrete 
components of the device which are later assembled into the 

body of the device. 

in additional embodiments, the body may comprise a 

combination of materials and manufacturing techniques 
described above. In some cases, the body may include some 
parts of injection molded plastics, and the like, whi e other 
portions of the body may comprise etched silica or silicon 
planar members, and the like. For example, injection molding 
techniques may be used to form a number of discrete cavities 
in a planar surface which define the various reaction 
chambers, whereas additional components, e.g., fluid channels, 
arrays, etc, may be fabricated on a planar glass silic< i or 
silicon chip or substrate. Lamination of one set of parts. to 
the other will then result in the formation of the various 
reaction chambers, interconnected by the appropriate fluid 

channels* ^ _ , 

in particularly preferred embodiments, the body of 

j * lsset one injection molded, press 

the device is made from at least one mj 

has one or more wens 

molded or machined polymeric part that has one „„„_,, 

or depressions manufactured into its surface to defin severe! 
s of the walls of the reaction chamber or chambers. Molds or 
mold faces for producing these inaction 

generally be fabricated using the methods described herexn 
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for, e.g., silicon molds. Examples of suitable polymers for 
injection molding or machining include, e.g., polycarbonate 
polystyrene, polypropylene, polyethylene, acrylic, and 
commercial polymers such as Kapton, Valox, Teflon, ABS, De iri n 

' Is maTd? 6 ' " S6C0nd P3rt 15 Si » ila ^ ^ * ^ 

mat6d t0 the Surface ° f the polymeric part to define the 

remaining wall of the reaction chamber (s). Published PCT 
Application No. 95/33846, incorporated herein by reference 
describes a device that is used to package individual 

chaT'H 160 ' 1 " 8 ""^ deViC6 inClUdSS 3 hybridization 

chamber disposed within a planar body. The chamber is fiuidly 

connected to an inlet port and an outlet port via flow 
channels in the body of the device. The body includes a 
Plurality of injection molded planar parts that are mated to 
form the body of the device, and which define the flow 
channels and hybridization chamber. 

The surfaces of the fluid channels and reaction 
chambers which contact the samples and reagents may also be 
modified to better accomodate a desired reaction, surfaces 
may be made more hydrophobic or more hydrophilic depending 
upon the particular application. Alternatively, surfaces may 
be coated with any number of materials in order to make the 
overall system more compatible to the reactions being carried 
out. For example, in the case of nucleic acid analyses it 
may be desireable to coat the surfaces with, e.g., a teflon or 
other non-stick coating, to prevent adhesion of nucleic acids 
to the surface. Additionally, insulator coatings may also be 
desirable m those instances where electrical leads are placed 
in contact with fluids, to prevent shorting out, or excess gas 
formation from electrolysis. Such insulators may include 
those well known in the art, e.g., silicon oxide, ceramics or 
the like. Additional surface treatments are described in 
greater detail below. 

Figures 2A and 2B show a schematic representation of 
one embodiment of a reaction chamber -or inclusion in the 
device of the invention. The reactio. chamber includes a 
machined or injection molded polymeric part 102 which has a 
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«. oh i e machined or molded, into its 
well 10 4 manufactured • ^ end opposit e the well 

surf ace. This well may * ^ may be supplied 

opening as shown in Figure 2A, inclusion of an optional 
with an additional opening lis for 

ventf as shown in Figure 2B. with 

The reaction chamber is also p 

for transporting a fluid sample to and 
additional elements for P one or more 

from the -action cha- -e ^ ^ ^ 

fluid channels (122 and l tQ an 

actively) ^~^lZu device, additional reaction 
inlet/outlet port for the ^ ^ ^^id chambers. 

chambers, = / ^I., typical iy P-ar in structure, is 

secc H „ ,„ define a closure for the 

mated to the polymeric part to a.f in ^ flui<j 

mu:- epcond part may i ncui ^ w 
reaction chamber. This seco P ^ ^ define 

channels, as shown in Fx ^ eS 2 * proviae d in the surface 

n of the fluid channels proviue 
, further wall of the f Ty pically, this 

o£ the first polyene part (n ^ ^ 

second part will compr.se a for £luidly conne cting 

, manufactured OM ^^'nlet port in the overall device or 

the reaction =^"7° c hamher. Again, this second 

to another reaction or analyti ^ ^ inje ction molding 

part may be a second poly».r« = P ^ part may 

or machining techniques Alt ^ Mterials , including 
5 be manufactured from a va Y sub strates. 

flla ss. silica, silicon or ^ sub5tr ates are 

Micromotion technigues su ted ^ 
generaily -ell Known in the a ^ ^ 

in a first preferre let valve structure, 

30 ch.rn.er is provided without the £lu id 

as shown in Figure 2A. For ^ o£ ^ secQnd part 

channels 122 nay »• P« vlde / in J^, polyM ric part such that 
that is mated with the surf ace ^ the 

upon mating th. . seconc . part ^ ^ chamBer 

fluid channel 122 is n 
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Alternativelv in = 

structure for sealing «, ^let/outlet valve 

-Mple therein t L^rT 10 " ^ *> a „ uld 

' 1- «9« as. !„ pert t tt S e UCh 3 iS 

Poly-ric part ..a/co^pr fa ^1^"? *" ^ 

"•embers, wherein a first = ,„ " llty ° f ""^ Planar 
««t polymeric part ~ t0 "T^" " 6 * ^ " lth «• 
chamber. The first „i, " " aU ° f the r ««i°" 

° «-P«- therethr ^rr" 106 - '» "a 
Chamber. This first ni! 9 lnl " '° **• rea «i°n 

*annel no ^IVZl^T ^ ° 
-* »i« the first pol'erf "* SU " aCe th « - 

terminates adjacent to I! /*" ^ Ch —1 

' initio.. tL fLst Dl ^ " aCtio " «^er 

manufactured from an TZ .TV'" 

the above-described Lhod * Hec M " rialS ' 

»«.d to the first and includes a d la L , ' ™ " 

extends across the inlet 108 and f " " hich 

-nnel 110 such ^ « £ the fluid 

gap between the first an* diaphragm results i n a 

"eating a fluid conn. t on b^t ^ 

« «- fluid channe ° v r::;".? "« 
«» ^P-ragm valve may be carried \ , t "'^ ^"""^ ° f 
including, e.g., application !f * * V " 1 * tY ° f "' th °** 

and/or Piezoeie^rL actuator 3 " aCUUm ' ele «"«*netic 
« the l ilt e. to anorr /° UP *° * Upb ™*» «lve, 
-ond planar 1 ^ « = « W< «- 

P«t. from a flexible L e a ^ » 'east i n 

>*te X , mylar, polvimide. Teflon l^^l^T' 
As with the reaction „», w flexible polymers. 

c xreaction chambers anri fi„:j . 

diaphragms will also h , channels, these 

y«s win also be of miniature scale c no 

valve and pump diaphragms used in the dev ce w ^t 
range in size depending upon the size of the 1^"' 
Passage to which they are fluidly connected Z T " " 
"owever, these diaphragms win be in th 9 a1 ' 

to about S mm for « lv . a aDhr ""^ °' ^ ab °" 

1Ve d "P h "-agms, and from about l to 
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. ilt 20 „ in diameter for pumping diaphragms. As shown in 
! B second part 124 includes an additional planar 

Figure 2B, second p application of pressure 

member 116 having an opening 126 for app 

- <p,vr deflection of valve 114. 
or „ <2;;l l Z»ts involved in a particular analysis are 

inccpatible wit. the -aterials use, » -"^"^ o£ 

silicon glass or polymeric parts, a variety 
device, e.g., silicon g ^ ^ ^ 

coatings may be a PP li d - ^e s ^ ^ ^ 

contact these reagents^ Fo «. P iayer ^ 

siUcon elements may / r may be sputtered or 

a metallic layer of • ^ ° adverse with 

electroplated on e ~ ^ coatings , 

these reagents. Similarly, * sila nation 

. ^ a live Dvraline coatings, or suua 
Teflon and the ^' J* internal surfaces of the 

modifications may also be applied 

cMBb e r s -^;;; orage chanber 10 , s ,o„„ m » 

i. also shown with an optional vent US, for release of 

cisplaced gas present in the tt- 

* Tn nref erred aspects, this vent may 
introduced in P- £ e ^ ^ ^ 

with a ,.. P erB ""^" aUoulng £or the passage of fluid, 
passage of gas wi hout a low > o£ 

e.g., a poorly wetting filter pi g including, 

■..,.1 = for use as poorly wetting filter pi y 
are suitable for use a f . such as spun 

e g , porous hydrophobic poller materials, such 

, .rrvlie polycarbonate, teflon, pressed 
£ ibers of aery Ue. po y comerciill! available 

polypropylene fibers, or y ^ Gelman 

filter Plugs ,M-r ca r . hydroph obic 

sciences, and the llM) a siBilar 

. « -J^^'.T^ cranes are 

structure M^ e* y ^ (Mm Arbor , 

co^erciaUy »vaUab polycarbo nate Be»br,nes are 

available from Poretics, harriers to evaporation of the 

35 heated chambers may incorporate disposed 
, 0 a a reflux chamber or a mineral on y. 
sample, e.g., a ce Qf tne sample , to 

within the chamber, and over the top 
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permit the evolution of gas while preventing excessive 
evaporation of fluid from tne 9 XCessiVe 

device of t\V:;:l bed herein ' -—try of the 

s ov , invention may take a number of forms For 

5 example, the device may incorporate a plurality o f re al. 
chambers, storage chambers and analytical Jll 
in series, whereby a fluid ..„! T chami >ers, arranged 

the chambers and ^ B ° V-d seria1 ^ through 

wmmoers, and the respective ooer^inn. ^ 

«u * ^ ^ x vc operations performer? i « 

chambers. Alternatives i-h- * P^rrormed m these 

antral or c^l Z^T™ ":^' 

r e di st rltution te the variou r: ha a : b : rs — 1 or hub f ° r s - pie 

An example of the serial geometrv «f f ha „ • 
shown in Figure 3m * • geometry of the device is 

include, T Particular, the illustrated device 

r Per 0 J UraUty ° f "^-/-rage/analytical chambers 

fluidlv 9 3 nUmbSr ° f ascribed above 

riuidly connected in series. 

Fiaure , SChSmatiC "Presentation of the device in 

figure 3 shows a deviro 

cham K comprises several reaction 

chambers arranged in a serial *. n 

. , y n a ser ial geometry. Specificallv 

" « ; rv 1 : These chambers a ~ — - 

serxes by fluld channels 208> 2U an(J respect . ve 
above eachTt? 1 " 9 *** Vari ° US ° Per " i0nS ' 

««. « u t r r ;:r ion °r bers is assi?ned - -» 

"uid saBple . i.e., . „ u =ontaini „ 9 J pl /° 0 ^ ^ ' 
m. ch^er » y include an opening to ^-Pl.. 

£ l TTinrr: ciosure to prevent - 

which th. T ' CheClt - valve ' « »«Ptu». through 

which the sa „ pa e „ introduced or injected. In so „ e 

l°r th 7 PPa " tUS ^ ^ ■ -yP-r-Ic needie or 

other s Mple conduct, integrated into the body of the device 
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... camDle collection chamber, 

*nri in fluid connection with the sample 
or r t transfer of the —l- *r- the host, patient^ 
sample via! or tube, or other origin of the sa» pl e to the 

disposed therein, a reagent or reagents for the sta Uiation 

of the sample for prolonged storage, as describe 

of the sample v disposed within a reagent 

Alternatively, these reagents may be p 

^ • i-n and f luidly connected with cne 

storage chamber adjacent to ana riuiu y 

sample collection chamber. 

The sample collection chamber is connected vxa a 

-. on a second reaction chamber 210 m 
first fluid channel 204 to second r witni n 

„ «f nucleic acids from the cells within 
which the extraction of nucleic ac 

, j This is particularly suitea u<-> 

the sample may be performed. This P camoles 

t . , fn he nerformed where the samples 
analytical operations to be perform typic ally be 

^ -, n= The extraction chamber wui t yP lk ' OA J 
include whole cells. The extras. 

connected to saaple coUection chafer, however n o» 
case,, the extraction chafer «» be ^"-"^"J* 
exist as a portion of the sample coUection cha.her^ As 

previously described, the extraction cha-ber may "<^ de 

pre j ^„ ov -r-ractinq nucleic acids 

physical and or chemical means for extracting 

from cells. connected via a 

The extraction chamber is riuiuxy 
■o u «i 908 to third reaction chamber 210 m 
second fluid channel 208, to thir eJ£tracted fr0 m the 

, which amplification of the nucleic ac ds eXt " ns when 

sample is carried out. The amplification proces beg 
the sample is introduced into the | 
described previously, -""^^^^^d 
exogenously introduced, or -^«^ y alt .^ t . 
0 within the reaction J^*^^ to the 

embodiments, these reagents will be in* 

MpU£ ication chamber ^"J^STl^ ^ 

chamber or from an externa 

in the amplification chamber denat uration and 

. 5 For PCR amplification methods, denat 

mi nreferably be carried out by 
hybridization cycling wx 1 *J°^ Accordingly, PCR 

repeated heating and cooling of the samp 
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b ased amplification * T l^X^"^ ~ 

-^frniier for heating 
temperature controller hea ting element or 

■i „„niina For example, a nea^my 
the thermal cycling, to disposed adjacent the 

^oni-rol block may be disposea a j 
temperature control bi _. fication chamber thereby 

transferring heat to t P ^ £or 

preferred devices will incl desired . This thin wall 

chambers in which thecal control ^ ^ _ or 

may be a thin cover •l«" t ' adhesive on Kapton tape 

high temperature tape, i. • ,„corp.>- Micro-scale 

(commercially available f ""; d . For example, 

PC* devices have ^- previously r P ^ ^ 

published PCT Application No. 94/ ^ ^ a pcR 

• ;^<-nri7Pd reaction cnamuci 
White reports a miniaturized res istive heaters. 

chamber, incorporating » lc " hMt ""' ^ ' ^ chamber allows 

. „ aT .p a to volume ratio ox 

The high surface area to rea gents disposed 

for very rapid heating and cooling "'^^ to wilding et 

therein. S^ 1 ^"^:^ refe rence, also discusses the 
al., previously incorporatea oy 

use of a microfabricated pc * d ^" e ' amp iif ication chamber 

Tn n ref erred embodiments, tne a*h> 
in preferr disposed within or 

will incorporate a controllable ^ q£ 

accent to the carried out by varying the 

the sample. The^ eye ng ^ ^ ^ 

current supplied to ^ ^ ^ reactlon . 

temperature for the par ^ reaction Bay be 

Xiternatively, ™™\^) lali sampl e among a number of 
achieved by transferring the ^ ^ rMC tion 

Afferent "action ch^s or^re i „ 

chamber, having differen „ rMnt ine channel which 

By flowing the -Pi*;" Ud temperature .ones.. 

tr av.is -7-::™; ; P iied. by -p-i* - 

electromagnetic radiation sourc fluidly connected via a 

_i ; first ion chamber is xxuxv* j 
The amplication addit ional 
1 * a fluid channel 212, 
fluid channel, e.g. , *•»• 
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reaction chamber 214 which M „ 

Preparative operation. ° Ut addit ^nal 

operations, such as labeling 

* fourth fluid channel 2I6 c" *"'—»"*<»»• 
fragmentation chaBber y c 6 al CO ™ e « S «» '*Hn 9 °r 

the analytical ch chafer 218 . As sh0K 

" the bottom surface of the ch * ° ll90nUCleot i°e array 220 
»y optionaUy, or additioluv c ^"cal Camber „. 

electrophoresis device 22 6 . ""^ * micro «PiUary 

— ..... 22 /;: r ™r itiOTai preparati - *•"««» 

fluidly connected to e « . S " 9 "' extens i°n 

reactions 

chamber win typically have a s It 1 ^ '"^i" 1 
transparent window for . °" S su "ace, a 

Particular analysis be in °" " * e,nnl "« <* 'he 

naiysis being performed. 



Figures 4A-C illu«f«»« 

1= -icrocapiuary electron " en,bodi »ent. of a 

»t. electrophoresis device t„ ■ 

the sample to be analyzed is i„ tr „H embodiment, 

This sample reservoir " ^ b ! ° ^ "" PU 
be merely . portio „ of " »» * • separate chamber, or may 

previous reaction chamber leadi " 9 f ™» a 

» «-d with sampL;::: ng b^r-r 406 - «* « 

fading of the sample bv Ilua , « ■ * " Ulu "»tes the 
"rawn across the LJZ£Z TZ' ^ iS 

"Pillary channel 4i 2 by al- ° 416 a "° 

across buffer ^iT^ °' *" ^"r^ ™ 
5 ^'amative embodiments, the samole """^ In 
applying an electrical cu™ ss^ £T ^ * 

wasta reservoir as shom « ample reservoir <o 2 and 

fading, an electrical field is ,oJ ! Allowing sample 

reservoir <o< and waste rest i ^ ^ .^T* 
sample through the capillary chann < 12 7° ^ ^ 

sample is shown in Figure <c Alth \ 9 ° f the 

capillary is 5hn „ • Although only a single 

r iary is shown in Figures 4»-r n j . 

invention may typically compri e more baTo" °' 
"ore typically, will comprise an array o"f aM 
capillaries, which are run in paraUel Fabr" " 
mcrocapillary electrophoresis dev, Fabrlc atio„ of the 

-ihg the methods ^liZTllrTn lT" I*"*""* * 

° nerem and as described in e.g., 



10 



15 



20 



PCTAJS96/11147 

WO 97/02357 

44 

„ Mathies Proc. Nafl Acad. Soi. USA 91 : 11348-11352 

urp s.s. Typically, each capiliary win >e flux «, 
connect to a separate extension react — for 

* = Afferent dideoxynucleotide . 

as noted above, includes a 
j ou : r o 0 f the invention, as noteu 
the device of tne cen tral chamber for gathering 

centralized geometry having a central seDa rate 
,nd distribution of a fluid sample to a number of separate 
^c^^/«.lYti«l chambers arranged around, and 
reaction/ * cnambe r. An example of this 

through sample inlet =° 2 ' le is then 

" 3 Ttil .U via -id channel SOe. 

transported to a centra ^ ainD i e may be transported 

..v, in *. he central chamber, the sample may 

rin rrr. of chambers 

(5 10. 512, 5»> which are arranged ^J^o reaction 
connected to the central chamber. As shown, each o 

«i5 ,nd 514 includes a diaphragm 516, SIS and 
chambers 51 5 2 and 51^ ^ ^ 

520, respectively, as shown l 9 ^ ^ 

Closing the "-"^^J^^on chambers may be 

and the reaction chamber. Aaai 

j v« (-hp central chamber, or 
, added fluidly connected to the cent describe d 

alternatively, may be connected to any of the 

reaction chambers. centr al chamber may have a 

In certain aspects, the central 
dual function as both a hub and a pumping chamber In 

this central pumping chamber can be fluidly 
0 particular, this * itional reaction and/or storage 

connected to one or more ^ona ^ ^ 

chambers and one or more analyti 

piping chamber again fun. *on. « ■ - -r^h ^ _ 
operations to be carried out by ^ adva ntage of a 
35 described above. This embodiment provides ^ 



descrinea = numerous 

if r,r.;,: — 




WO 97/02357 

PCT/US96/11147 

45 

additicn.1 samp le preparation operations within the device by 
opening another valve on the centra! purine chafer. 

In particular, the central chamber 508 may 
incorporate a diaphragm pump as one surface of the chamber 

>e ZZlZ^ aSPSCtS ' " U1 haVS 8 whin 

tne diaphragm is not deflected th q u 

ueuecrea. The diaphragm pump will 

generaUy be similar to the valve structure described above 
for the reaction chamber. For exampie, the diaphragm pump 
"Ul generaUy be fabricated from any one of a variety of 
» flexible materials, e a S n frm , * Y 

the like t f siHcon, latex, teflon, my i ar and 

the like, m particularly preferred embodiments, the 
diaphragm pump is silicon. 

With reference to both Figures 5A and 5B, central 
504 via fluid cnannel 506> The sample conect . on 
of fluid channel 506 includes a diaphragm valve 524 for 

ZlZllTV 1 ^' A fluid sample is typicaiiy 

in theTn C ° lleCtl ° n Cha ^ * sealable opening 502 

in tn e body Qf the dev . ce( a vaive ^ 

Additionally, sample chamber 504 may incorporate a vent to 
allow displacement of gas or fluid during sample introduction 

Once the sample is introduced into the sample 
collection chamber, it may be drawn into the central pumping 
chamber 508 by the operation of pump diaphragm 526 

cha'nne'rsL 1 "' ° P6nin9 °' m V * lve 524 

channel 506. Subsequent pulling or deflection of pump 

SOS^hT I' V reateS ne ° atiVe PreSSUrS Withi " ™* camber 
508, thereby drawing the sample through fluid channel 506 into 

valvar' r mb6r * SUbS6qUent Closi ^ <* the sample chamber 
valve 524 and relaxation of pump diaphragm 526, creates a 

positive pressure within pumping chamber 508, which may be 

used to deliver the sample to additional chambers in the 

device. For example, where it is desired to add specific 

reagents to the sample, these reagents may be stored in liquid 

or solid form within an adjacent stor ge chamber 510. Opening 

valve 516 opens fluid channel 528, allowing delivery of the 

sample into storage chamber 510 upon relaxation of the 
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diaphragm pump. The operation of pumping chamber may further 
be employed to mix reagents, by repeatedly pulling and pushing 
the sample/reagent mixture to and from the storage chamber. 
This has the additional advantage of eliminating the necessity 
of including additional mixing components within the device. 
Additional chamber/valve/fluid channel structures may be 
provided fluidly connected to pumping chamber 508 as needed to 
provide reagent storage chambers, additional reaction chambers 
or additional analytical chambers. Figure 5A illustrates an 
additional reaction/ storage chamber 514 and valve 520, fluidly 
connected to pumping chamber 508 via fluid channel 530. This 
will typically vary depending upon the nature of the sample to 
be analyzed, the analysis to be performed, and the desired 
sample preparation operation. Following any sample 
preparation operation, opening valve 520 and closure of other 

~v,o™w 0 r- allows delivery of the sample 
valves to the pumping chamber, allows aexj. y 

through fluid channels 530 and 532 to reaction chamber 514, 
which may include an analytical device such as an 
oligonucleotide array for determining the hybridization of 
nucleic acids in the sample to the array, or a microcapillary 
electrophoresis device for performing a size based analysis of 

the sample. , fh . 

The transportation of fluid within the device of the 

invention may be carried out by a number of varied methods. 
For example, fluid transport may be affected by the 
application of pressure differentials provided by either 
external or internal sources. Alternatively, internal pump 
elements which are incorporated into the device may be used to 
transport fluid samples through the device. 

in a first embodiment, fluid samples are moved from 
one reaction/storage/analytical chamber to anothe, • ™ 
fluid channels by applying a positive pressure differential 
from the originating chamber, the chamber from which the 
sample is to be transported, to the receiving chamber the 
5 chamber to which the fluid sample is to be transported. In 
order to apply the pressure differentials, the various 
reaction chambers of the device will typically incorporate 
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pressure inlets connecting the reaction chamber to the 
pressure source (positive or negative) . For ease of 
discussion, the application of a negative pressure, i.e to 
the receiving chamber, will generally be described herein 
However, upon reading the instant disclosure, one of ordinary 
skill m the art will appreciate that application of positive 
pressure, i.e., to the originating chamber, will be as 
effective, with only slight modifications, which will be 
illustrated as they arise herein. 

In one method, application of the pressure 
differential to a particular reaction chamber may generally be 
carried out by selectively lowering the pressure in the 
receiving chamber. Selective lowering of the pressure in a 
particular receiving chamber may be carried out by a varietv 
of methods. For example, the pressure inlet for the reaction 
chambers may be equipped with a controllable valve structure 
which may be selectively operated to be opened to the pressure 
source. Application of the pressure source to the sample 
chamber then forces the sample into the next reaction chamber 
which is at a lower pressure. 

Typically, the device will include a pressure/vacuum 
manifold for directing an external vacuum source to the 
various reaction/storage/analytical chambers, a particularly 
elegant example of a preferred vacuum pressure manifold is 
illustrated in Figures 6A, 6B and 6C. 

The vacuum/pressure manifold produces a stepped 
pressure differential between each pair of connected reaction 
chambers. For example, assuming ambient pressure is defined 
as having a value of 1, a vacuum is applied to a first 
reaction chamber, which may be written i-3x, where x is an 
incremental pressure differential. A vacuum of i-2x is 
applied to a second reaction chamber in the series, and a 
vacuum of i- x is applied to a third reaction chamber. Thus, 
the first reaction chamber is at the lowest pressure and the 
third is at the highest, with the second being at an 
intermediate level. All chambers, however, are below ambient 
pressure, e.g., atmospheric. The sample is drawn into the 
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firs t reaction chamber by the pressure differential between 
anient pressure ,1, and the vacuo* applied to the reaction 

„,t move to the second reaction chamber due to th pressure 
differentia! between the first and second reason chambers 
„ , s i-2x, respectively). Upon completion of the 
(1-3X vs. 1 zx, r P ,-eaction chamber, the vacuum 

operation performed in the ™ ^ first chaBber 

is removed from the first chamber, allowing 

u • » „« S i,r e e.g., 1. The sample is then 
to come to ambient pressure, e.g , pressur e 
drawn from the first chamber into the second by J 
difference between the ambient pressure of the first re on 
chamber and the vacuum of the second chamber e^g 1 «. 
2x. Similarly, when the operation to be performe i t 
second reaction chamber is completed, the vacuum th 
chamber is removed and the sample moves to the third 

ChMMr " a schematic representation of a pneumatic manifold 
configuration for carrying out -^ P™ """^^ 
fluid transport system is shown m Figure 6A. P 

ifol d includes a vacuum source 602 which is coupled to a 
manifold includes a ^ oonnected 

main vacuum channel 604. Tne man. 

to branch channels 606, 60S and 610. which ™ 

connected to reaction chambers 612, 614 »^\ ^ ^ 

w ~k^<= are fluidly connected, m series. 

which reaction chambers y includes . 

£ir st reaction chamber i th series ^ 
-a-ule inlet 640 which will typicaxxy 

sample inie ^ sure wlt hin 

closure for retaining he fluid samp nrovi ded with 

u Each branch channel is provided wiw 

r. rr , n tr«~ «. - «• r in 

w u .1 These fluidic resistors result in a 
% t-hp hranch channel. Tnese ixuj.-^. 

) the brancn Dressure from the pressure/vacuum 

transformation of the pressure r Qr vacuum being 

< ^ a eteD down of the gas pressure 
source, i.e., a step a resis tors may employ 

applied across the resistance^ narroulng o£ 

variety of different structure . F or xa mp ,^ ^ 

S the diameter or ""-^^.^.Lc. through the channel, 
typically result in , . fl«* c - ^ ^ ^ ^ 

Similarly, a plug within the cnann 
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holes disposed therethrough, which effectively narrow the 
channel through which the pressure is applied, will result in 

upon th re : iStanCG ' WhiCh ^-tance can be varied depending 
upon the number and/or size of the holes in the plug. 
> Additionally, the plug may be fabricated from a porous 

material which provides a fluidic resistance through the P i ug 
which resistance may be varied depending upon the porosity of 
the material and/or the number of plugs used. Variations in 
channel length can also be used to vary fluidic resistance 

Each branch channel will typically be connected at a 
pre SS node 622 to the ^^.^ ^^^^ . 

wetM T"" inl6tS tyPiCaUy bS fitted wit * Poorly 

wetting filter plugs 626, to prevent drawing of the sample 

into the pneumatic manifold in the case of vacuum based 
methods. Poorly wetting filter plugs may generally be 
prepared from a variety of materials known in the art and as 
described above. Each branch channel is connected to a vent 
channel 628 which is opened to ambient pressure via vent 630 
A deferential fluidic resistor 632 is incorporated into vent 
channel 628. The fluidic resistance supplied by fluidic 
resistor 632 will be less than fluidic resistance supplied by 
fluidic resistor 634 which will be less than fluidic 
resistance supplied by fluidic resistor 636. As described 
above, this differential fluidic resistance may be 
accomplished by varying the diameter of the vent channel 
varying the number of channels included in a single vent' 
channel, varying channel length, or providing a plug in the 
vent channel having a varied number of holes disposed 
therethrough . 

The varied fluidic resistances for each vent channel 
will result in a varied level of vacuum being applied to each 
reaction chamber, where, as described above, reaction chamber 
616 may have a pressure of i-3x, reaction chamber 614 may have 
a pressure of i- 2 x and reaction chamber 612 may have a 
pressure of i- x . The pressure of a given reaction chamber may 
be raised to ambient pressure, thus allowing the drawing of 
the sample into the subsequent chamber, by opening the chamber 
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o This is typically accomplished by 
to ambient pressure. This y preS sure in the 

providi n g a sea ----- l 3 : pening may be a controllable 

branch channel. This rupt ure membrane which 

valve structure, or ^""^ fallow the particular 

may be pierced at a desired tl aUo „ ing 

taction — to achieve ambient p ^ 

the sample to be drawn into the ^ ^ ^ inclu sion of 

of the rupture membrane may be ca ^ the 

solenoid ^-^Sr^T--." «~> • » 

device's base unit < dl * C " S tQ ent b acK now from a 

some cases, it may uhich im at a higher 

pr evious or subsequent ™££ equlpping the fluid 

pressure. This -Y*^~ chanbers 644 uith ' one-way chec* 
channels between th react i ^ 

valves. E ^ le %f aD °" e alve y s duclt billed checK valves, 
seat structures, flap valves, 

sliding valve structures, and the 1 • m 

X graphical < Z a vacuum based 

between three reaction chambers em oy £ ^ ^ 

pneumatic manifold is shown in Figur ^ ^ 
indicates the starting ^ indicat es the pressure 

chamber/pressure node. T ^ ^ ^ mOTbrane 

profile during operation. T P ^ rMet ion chamber 

resuits in ah ™° ^/^l pre ssure drop being 
to ambient pressure , resu g ^ ^ subsequent 

created between ^ the sa mple from the first 

chamber. This pressure drj > 

reaction chamber to the su q ^ ^ may 

in a similar aspect, a p # int0 

be appUed to the , anlfold US eful in 

subsequent chambers. A pneumatic p ^ ^ 

this regard is shown in Figure ^ ^ Baln channe l 

source 646 provides a ^ „ the £irs t reaction 

604. Before a sample is intr ^ ^ ^ pressure 

chamber, controllable valve 648 i ^ ^ cnaBber 
(r0B the pressure source and alio ^ ^ 
in the series 650 to remain at ambien 
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introduction of the sample. Again , the first c 

:::; e tf al L y t inciudes a sampie iniet «° — ■ 

reaction ^ „ ^ " intr ° dUCed int ° th * «** 

reaction chamber 650, controllable valve 6«8 is dosed, 

vl vis 1 "! t r/ yStei " UP t0 PreSSUre - SUitaWe "-trolUbl. 
valves delude any number of a variety of commercially 

available solenoid valves and the like, m this appUcation 

s :r::r chanber is ^ - •» ; r- 

• 1 vents y as th : e PreS rr ° f nuidic resistors 

d vents, as described above. A base pressure is applied at 
originating pressure node 652. When it is desired tf T 

::n::r a : th : - nd ~ ^:r:i 

upenea to ambient Dressure mu- 

to . essure - Thls allows second chamber 654 

C ° Mblent snowing the pressure applied at 

e o„d T r eSSU " " 0de 6 " " t0r " «» -to the 

reactL Ch 2 e : ^ "^"^ " ^ «» «»* 

reaction chamber 650 is maintained at a pressure of 1+x by 

application of this ori s <„r. y 
Th. ... ., Pressure at originating pressure node 652 

Z " C °: d . rea " iOT «« is maintained at pressure * 

pressure of tL " 6 r " UltS " * " «» 

pressure, ™ rea " iM 654 " 1 <« -««t 

pressure) . The pressure differential from the first to the 

second reaction chamber, x , pushes the sample from th f t 

Fluidic SeC ° nd reaCti0 " ChambSr « «» «>ird. 

sea a* e "7 U Pr ° Vided bet " ee " ~- •« and 

c i e v i^nr: ^ escape of — « 

MlBt ,. 6 656 13 ° pened " Th ^ allows the system to 

sample through the device. The pressure source is applied 
=h n aZ tt ? ly, . aS " eeded " ^ SMPU f ™ cha » b « to 

" tte t v ::::: U r: f t: e ::: es may beenpioyed in appw - » 

ent pressure to the originating reaction chamber, 
e.g., a syringe or other positive displacement pump, or the 
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like. Alternatively, for the size scale of the device, a 
thermopneumatic pump may be readily employed. An example of 
such a pump typically includes a heating element, e.g., a 
small scale resistive heater disposed in a pressure chamber. 
5 Also disposed in the chamber is a quantity of a controlled 
vapor pressure fluid, such as a fluorinated hydrocarbon 
liquid, e.g., fluorinert liquids available from 3M Corp. 
These liquids are commercially available having a wide range 
of available vapor pressures. An increase in the controllable 
10 temperature of the heater increases pressure in the pressure 
chamber, which is fluidly connected to the originating 
reaction chamber. This increase in pressure results xn a 
movement of the sample from one reaction chamber to the next. 
When the sample reaches the subsequent reacr ion " chamber , the 
15 temperature in the pressure chamber is reduced. 

The inclusion of gas permeable fluid barriers, e.g., 
poorly wetting filter plugs or hydrophobic membranes, in these 
devices also permits a sensorless fluid direction and control 
system for moving fluids within the device. For example, as 
20 described above, such filter plugs, incorporated at the end of 
a reaction chamber opposite a fluid inlet will allow air or 
other gas present in the reaction chamber to be expelled 
during introduction of the fluid component into the chamber 
Upon filling of the chamber, the fluid sample will contact the 
25 hydrophobic plug thus stopping net fluid flow. Fluidic 

resistances, as described previously, may also be employed as 
gas permeable fluid barriers, to accomplish this same result, 
e.g., using fluid passages that are sufficiently narrow as to 
provide an excessive fluid resistance, thereby effectively 
30 stopping or retarding fluid flow while permitting air or gas 
flow. Expelling the fluid from the chamber then involves 
applying a positive pressure at the plugged vent. This 
pewits chambers which may be filled with no valve at the 
inlet i.e., to control fluid flow into the chamber. In most 
35 aspects however, a single valve will be employed at the 

chamber inlet in order to ensure retention of the fluid samp e 
within the chamber, or to provide a mechanism for directing a 
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fluid sample to one chancer of a number of onagers connected 
to a common channel. " M 

e™, ■ \ SChematic "Presentation cf a reaction chamber 
Win, tn a s system is shown in Figure 1 2 A. m brief the 
5 react.cn chamber l 202 includes a fluid lnl et l 204 w^'is 
sealed from a fluid passage l 2 oe by a vaive laoi . ^"ly 

*erexn, but „ preferably a flexible diaphragm type valve 
wh.ch may be displaced pneumatically, magnetic^ or 
electrxcally. i n preferred aspects _ J controlled 

d f 6 ;::: 1 :; 1 ^ e - 9 - by appiyin9 a — - <*• ^rr 

creatL ™" V ^ th «^ 

creating an opening into adjoining passages. At the end 

opposite from the inlet, is an outlet vent 12 l» and . 
arrnec , - u . „ j-^-lu", and disposed 

across this outlet vent is a hydrophobic membrane 1212 A 
number cf different commercially available hydrophobic' 
membranes may be used as described herein, including e . 
versapore ,o. R membranes available from Salman soil ces 

then allows performance of reactions within the reaction 

chamber without influencing or influence fro. 

=f the chamber. influence from elements outside 

used , an ° ther eX ™ Ple ' th6Se PlU5S 0r ^.branes may be 

used for degassing or debubbling fluids within the device 

with oner 9 PUrPOSSS ' eXa " Ple ' 3 Cha " b6r »° Prided 

with one or more vents or with one wall completely or 

substantially bounded by a hydrophobic membrane to allow the 

passage of dissolved or trapped gases. Additionally, vacuum 

iz^iz 1 ^ on ? externai sur£a - ot ^ ~ " 

gases from the sample fluids. Due to the small cross 
sectxonal dimensions of reaction chambers and fluid passages 
elimination of such gases ta.es on greater importance, as 
bubbles may interfere with fluid flow, and/or result in 
production of irregular data. 

In a related aspect, such membranes may be used for 
removing bubbles purposely introduced into the device i e 
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^ ™iv<na two fluids which were previously 
for. the purpose of mix-g two ^ 

desired to be separated. ™ ^ channel or 

reagents, may be introduced into a singie 
reagent , i eoT , arat ed by a gas bubble which is 

debubbling chamber, separated d Y <* „v,; H it- 
deDU y . fluid plugs but not to inhibit 

aembrane. the gas .ill e « el 1- - mustration 
whereupon the two fluids will mix- * 
of such . debubblin, chamber i. shown in Figure 12B 

Figure 12C shows a schematic illustration of a 
de vice employing a fluid flow system whic, , «iU». ^ 

-T 0 ":::: ;;: \ si . — »»■ - 

As shown, the device separate 

M in channel is "^^f^/ lui c nnec tions with the 
chambers 1254-1260. Each of these fl 

inclusion of • sections with the main channel, 

intersection of these fl ^ include . 

Further each of he variou „ hic h vent 

vent port 1270-1276 to tn hv drophobic or poorly 

ports will typically be bounded by a hydrop 

The basic design of this system is 
wetting membrane. The basic •> _ 1tmre 5 , as well, 

, reflected in the ^ « — 

u^noi 1252 via a valved or 

otherwise sealable liqu COBb i n ed with the 

„ a positive valve at the fluid 

selective opening o the e ^ ^ ^ ^ ^ yM 

connection of a select celling air or other 

force the fluid into tha< ^ ^ selected 
gases through th, ^or at ^ ^ ^ 

,5 chamber, until that vent ^ MUCt:e<J 

whereupon fluid flow is stopped Th t ^ ^ 

chamber may then be returned to the 
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1111111" " ithin ChSmber - *-=rib«. above the 
requisite pressure differential needed for fluid fl! 
alternatively or additionally involve a " , " Y 
negative pressure ... involve the application of a 

5 sought. ^ Vent P °" t0 ««« direction is 



20 



in Figure 12 c " T ""^""^ device shown 

1. «'=t foLid into t;. 1 , 0 ^"' lnt ° Mi " Ch «" el »». 

valve 1262 and an"l 9 Cta *" 1254 b * °P«i»9 

1^62 and applymg a positive pressure »t („i . 

0 12'8. once the fluid has filud the 21, 

«« -ay then be closed. Degassina ofl ? Cha " ber ' 
carried out by drawing , De9aSSlng ° f the *ay then be 

Phobic JL^ P r^ t ^- pi ; throu9h the 

Degassed safflnla across the vent port 1270. 

yassea sample may then be moved fr™ ou -4 
1254 to, e a * • degassing chamber 

to, e.g., reaction chamber 1256 h« 

and 1264 and anmw y openin 9 valves 1262 

chamber ve " f ^ * ^T^' " ^ 

^gassing chamber ' throul " '"^ ^ 

r-« a ^- ' tnrou 9 n mam channel 1252 int-n 

reaction chamber 1256. when the fluid fill, It 
chamber it wi 1 1 „ <. ls the "action 

arresti^ fluid fl ^ hyd " Ph0bic — «•««.. thereby 

volumetric Sh0 ""' the devl « a 

olumetric or measuring chamber 1258 as well as a 
chamber lian ^- a storage 

r 1260 ' ^eluding similar valve -vent nnrf 
1266:1274 and 1268-127^ . axve - v ent port arrangements 

u ■ L<:b a.i276, respectivelv The 
selectively dir»rf^ «. luid nav then be 

ively directed to other chambers as described 

in^ct^ 1:1:1: si:::: : top view of a porti ° n * - 

scematicany m^j^S ^ ™~ 

device incudes liguid loading hal a TZ\ 2 T 

aro «i <_» «iuwci.& x^/ba and 1280a whirh 

«e in f lul d communication with the fluid inlets l 2 7» T 
not shown). Th. s » n,,,* ■ , inlets 1278 and 1280 

into the in .J My ^P 1 " 1 ^ »e fabricated 

loadino ch h " " P ° rti ° n ' ^' drill '< into the 

llZ OI ' abriCated int ° '» Planar 

detssi'^ ] l • " S0 inClUdSd a " " aCti ™ »34 

aegassmg chambers 1256 anri i?*** - ' 

and 6a ' me spring chambers 1258 

and storage chambers 1260 Each ■ w 

connected » ■ chambers is fluidly 

connected to main channel 1252. 
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A number of the operations performed by the various 
reaction chafers of the device require a controllable 
Lperature. For example, PC* amplication, as descried 
above requires cycling of the sample among a strand 
above, requi i , nnMlln , reaction temperature and 

separation temperature, an annealing r 
an extension reaction temperature. A number of other 
reactions, including extension, transcription and 
hybridization reactions are also generally earned out at 
optimized, controlled temperatures. Temperature contro 
within th device of the invention is generally 
thin film resistive heaters which are ~ 
that are well known in the art. For example t 
may be fabricated fro, thin -t.1 f 11- applxed 
adjacent to a reaction chamber using well * The 

. • .^rolled vapor deposition and the like. The 
as sDUttering, controlled va^i r 

35 P Ml tVDica iiy be electrically connected to a 

thin film heater will typically oe 

v.«~h rtPiivers a current across the heater. me 

nouer source which delivers a , - iaJ - 

power sour fabricated using methods 

electrical connections will also ce 
similar to those described for the heaters. 

Typically, these heaters will be capable of 

- in pvcess of 100 degrees without 
producing temperatures in excess or * 

«.,- =.<= a result of the heating, 
suffering adverse effects as a result 

Examples of resistor heaters include, e.g., the heater 
Examples or Application No. WO 94\05414, 

::::::::: ;:r td r^s— i—.. - »» - 

ra n* heaters. These heaters may be provided as a ayer on 
^surface of a reaction chamber, or may be provi 

v,<„^ inserts for incorporation into r.ne rea^ 
molded or machined inserts to reaction 
chambers, »gure 2B i^ustrates an examp - ^ 

> chamber iO, having a hea er in S. ^ . 

resistive heater is typicaiiy «=x 

resistive aopiving a current across the 

controlled power sourc ^ ^ typically carrie d out 

"""'oorrri «1 programmed computer. The above-described 
by an appropriately pr g indivi dual reaction 

, heaters may be i ve metal film or insert within 
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exterior of the device, adjacent to the particular react- 
chanter, whereby the heat from the heat., if "action 
the reaction chamber. * C °" du =<^ into 

* typie.ll, L e l e Ie at a Ure COntr ° Ued rSaCti0n ««> 
mini,/ -imature temperature sensor for 

ariety of microsensors are available for dei-*™< • 
temperatures, includina e a f h determining 
) bimetallic • CAUflln 9* e.g., thermocouples having a 
bimetallic junction which produces a temperature h! , 
electromotive force (EMF) , resistance,* de P end ^t 
include material havL \ reS1Stanc * thermometers which 

eriai navmg an electrical reei^no a 
to the temperature of the material, the™! ™ 
temperature sensors ouart 7 *-k^ 

u quartz thermometers and the liv*. c « 

ZZl t"' H1 "' A " ° £ Cambridge ' 

University Press 1994 (2nd Ed. 1994, 0n . „. „ , 

*esig„ that is particularly suited L th 'de vi e" Jte" 
Present invention is described in e a n s " 

Application serial Ho. 08/535 875 i 'I ' ' 

U °/^J^,875, filed September 28 iqq* 
and incorporated herein by reference in i<- <. . ' 
purposes. Control of r Ba .fi entirety for all 

v-.uni.x-oi or reaction parameters wi+-hi„ 
chamber, e.o tMna „ fl meters within the reaction 

is Preferab ;'co„ e rv'a^ * ""^ ™ 
computer, m particular the t ^'^V 

temperature seLor the p * 

. input for the power source win 

typically be interfaced ui*K , e Wlil 

receive and record th s dat i™" *» 
» . . 15 aata » i.e., via an analoq- 

digital/digital-analog (AD/DA) converter The .1 
will tvni^n , "ver-ter. The same computer 

WU typically include programing for instructing the 
aeUvery of. appropriate current for raising and lower!,, the 
temperature of the reaction chamber. Fo r lample h ° 

through any number of predetermined time/temperature profiles 
e g thermal cycling for PC R , and the li.e. Given the . e 
of the devices of the invention, cooling of the reaction 
chambers will typically occur through exposure to ambient 
temperature, however additional cooling elements may be 
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Inched if aesirea. coolant systems, peltier coders, 

Wat6r Taction to fluia transport a„a temperature 

control — . one or .ore - the -action cham ers o^ the 

aevice may also ^^^^Z^ by 
of reaction chambers, mixing may *f „ flT . ticular 
t he samp!e bacK ana forth into an- ut o -J^^ 

within a singxe . ^ . * • „ ^pactions. 

PCH amplification reaction, ana "^"a.zat on react l 

In preferred ^'^^ Z rticular, a 
* aiven reaction chamber. in f° 
the sample within a gxven zirconi um and titanium 

PZT element (element composed of lead, «ir ^ 
containing ceramic) is contact- -^h^ ^ 
the device, adjacent to the reaction « h » Bb «' 

c ^ =. rti«eussion of PZT elements for use m 

Figure 7A. For * ° 2 Acoust±cs , principle, 

acoustic base -thoa - ^ e press , 1MS) . ana 

and Methods, vol. I, (Mason , available from 

Clevite Corp. As snown, ru 

. . 7na of hybridization chamber 706. The 
external surface ™«J^ as one interM l surface, an 

hybridi.at.on chamber o£ . current „ this 

oligonucleotide array - pp^ s ^ ^ ^ ^ 

element generates sonic disposed 
reaction chamber whereupon mix ng of ^ 

therein occurs. The ^ within tne rea ction 

substantial convection being J wiUlin . nicr o 

chamber. * =y»etric mixing pattern , ^ 
reaction chamber incorporating this mixing 

Figure 7B. bonding) of the element to 

incomplete contact (i.e. 9 
th e device may result in an incomplete mixing of 

.t*- i-ho element will typicaiiy 

sample. As a result the elem ^ and 

or gel layer (not £ZL „ 4 , ua ter. This 

t „e external surf ac * ^ ulthin . membrane, 

fluid layer will generally witn tne 
e.g., a latex balloon, having one surface 
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computer 714 J v 1 PZT / le, " ent • appropriately progralme(i 
volL. , 1 U t0 C ° ntr01 the a PPli«tion of a 

rT."!^ ^ Slement ' Via a f »«- aerator ,« and 

**» - v lbr ::i;: 9 r::" :::„ hl ;. the device 

coil adjacent the • Pplying an alternating current to a 

oscilllt- 0scillat ^° current creates an 

II h 9 ma9netiC field thr ° Ugh the c -ter of the coil 

which results in vibratory motion and rotation of thV 
particles in the device result-in ■ 10 " ° f the magnetic 

convection or ac^' " ™' ^ ^ — 

- Present n^::; ^T^; ^ ^ « 
ODtimirinr, c Qe add itional components for 

eLctroohl T or analysis. Por example, 

electrophoretic force may be used to draw taraet Ml l 
into the surface of the arrav v molecules 
disposed or M «. f example, electrodes may be 

surfer P3tterned ° n the surface of the array or on the 

21 Z:^ B -T array ' APPliCati ° n " » —Priate 

solution nt t e C e 7v USh -°t r ^ ^ <~ 
CMh( . rray ' v anety of similar enhancements 

can be included without departina from f no 
invention parting from the scope of the 



all of the A1 r U9h " ° ften bS d6Sirable t0 -corporate 
a * i or the above dpcrriw^ ~ n ^ 

unit, general^ the ! ! ^ 3 Si " 9le di =P°"ble 

° f SO, " e ° f these events and 

di s t m which they a ~ **• *« 

«uslMi ! Pr ° vide a unit that is at least 

ACCOrdi "9 1 l'' " * Particularly preferred 
eabc.dx.ent, a variety of control elements for the device 

«y'; e ZZTrT" 1, mixina and fluid transp °" 

«»y oe supplied within a reusable base-unit. 

the reacti^ TT^' " pIrtioulsrl l' Preferred eminent, 

k POrti ° n ° f thS deVice «» *• *«ed with 

reusable base unit that is adapted for receiving the device 

deSCrlb8d ' «» -»lt «y include one or Ire heaters 
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for controlling the temperature within selected reaction 
chambers within the device. Similarly, the base unit may 
incorporate mixing elements such as those described herein, as 
well as vacuum or pressure sources for providing sample nixing 
and transportation within the device. 

As an example, the base unit may include a first 
surface having disposed thereon, one or more resistive heaters 
of the type described above. The heaters are positioned on 
the surface of the base unit such that when the reaction 
chamber device is mated to that surface, the heaters will be 
adjacent to and preferably contacting the exterior surface of 
the device adjacent to one or more reaction chambers in which 
temperature control is desired. Similarly, one or more mixing 
elements, such as the acoustic mixing elements described 
above, may also be disposed upon this surface of the base 
unit, whereby when mated with the reaction chamber device, the 
mixing elements contact the outer surface of the 
reaction/storage/analytical chambers in which such mixing is 
desired. For those reaction chambers in which both mixing and 
heating are desired, interspersed heaters and mixers may be 
provided on the surface of the base unit. Alternatively, the 
" base unit may include a second surface which contacts the 
opposite surface of the device from the first surface, to 
apply heating on one exterior surface of the reaction chamber 

and mixing at the other. 

Along with the various above-described elements, the 

base unit also typically includes appropriate electrical 
connections for linking the heating and mixing elements to an 
appropriate power source. Similarly, the base unit^may also 
be used to connect the reaction chamber device itself to 
external power sources, pressure /vacuum sources and 
in particular, the base unit can provide manifolds, ports and 
electrical connections which plug into receiving connectors or 
ports on the device to provide power, vacuum or pressure for 

- fh»*- are internal to the device. 

5 the various control elements that are internal 

For example, mating of the device to the base unit may provide 
a connection from a vacuum source in the base unit to a main 
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vacuum manifold manufactured into the device, as described 
above. Similarly, the base unit may provide electrical 
connectors which couple to complementary connectors on the 
device to provide electrical current to any number of 
operations within the device via electrical circuitry 
fabricated into the device. Similarly, appropriate 
connections are also provided for monitoring various 
operations of the device, e.g., temperature, pressure and the 

•L X JC G • 

For those embodiments employing a pneumatic manifold 
for fluid -transport which relies on the piercing of rupture 
membranes within the device to move the sample to subsequent 
chambers, the base unit will also typically include one or 
more solenoid mounted rupture pins. The solenoid mounted 
rupture pins are disposed within receptacles which are 
manufactured into the surface of the base unit, which 
receptacles correspond to positions of the rupture membranes 
upon the device. The pins are retained below the surface of 
the base unit when not in operation. Activation of the 
solenoid extends the pin above the surface of the base unit 
into and through the rupture membrane. 

A schematic representation of one embodiment of a 
base unit is shown in Figure 8. As shown in Figure 8 the 
base unit 800 includes a body structure 802 having a mating 
surface 804. The body structure houses the various elements 
that are to be incorporated into the base unit. The base unit 
may also include one or more thermoelectric heating/cooling 
elements 806 disposed within the base unit such that when the 
reaction chamber contianing portion of the apparatus is mated 
to the mating surface of the base unit, the reaction chambers 
will be in contact or immediatly adjacent to the heating 
elements. For those embodiments employing a differential 
pressure based system for moving fluids within the device, as 
described above, the base unit may typically include a 
pressure source opening to the mating surface via the pressure 
source port 810. The base unit will ai so typically include 
other elements of these systems, such as solenoid 812 driven 





10 



15 



PCTAJS96/11147 

WO 97/02357 

64 

,*o f!99D U.S. Patent No. 5,126,022, each 

Actuators 29:159-165 (1991), ence in its entirety 

of which is incorporated herein by referenC6 of 

Tvnicallv, such pumps employ a series oi 
for all purposes) . Typically, P ^ 

electrodes disposed across one surface or 

„v, a ™h*r Application of an electric rieia 
re.ction/pumpm, chamber. * electrophore tic movement of 
th e electrodes results in eiectrupi 

r»„ also be used to draw nucleic acids onto an array, 
can also oe useu u ■ surface of an array 

example, electrodes may patemed on the surface 
substrate and modified with -itabie func ti on 
coupling nucleic acids to tne su, : ac the 1 
Application of a current betwen the electrode 
of an array and an opposing electrode results in 
electrophoretic movement of the nucleic acids toward 

surface of the array. „ ra ii C ation of transient 

Electrophoretic pumping by application 

elec tric fields L also be ^^T^LT 

- su-ce - - -;:™ a : 1 ;:^t::;:oritic ^ 

sample movement. In particular, . field 

of a nucleic acid is not constant,, * - ' ~7\ o 400 
applied. An increase in - * ~ ^ y , £ . nucleic aci d 
v/cm results in a 30-s increase j. ti 

^ ~»i bv arriving an oscillating 
5 sample in an acrylamide gel. By apply 9 

* _ i ortrodes capacitiveiy cou^icu 
voltage between a pair of electrodes p obtain ed 

^ a i ertroohoretic motion can De uuua 
the electrolyte, a -^^a /gf a high electric 

without a WJ^'^ of sample movement 
field is applied m the forwa dire ction. 
0 and a lower field is then applied in the . re ^ 

„ Luckev et al., Electrophoresis 14:492 501 u» 
SSe ' - 9 "Z aboie described micropumps may also be used to 
^ regents and samples within the ap^ ~ ^ ^ ^e 

recirculating . fluid ^ ^ t^be employed. ,or 
35 mixed. Additional mixing metno d within the 

.ample, -^^^^.^1 employ a 

various reaction chambers. x"«=» 
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charge has been introduced, see Bart et al c 
actuators (1990) A21-A-23 : i 93 - 197 Tnese m : S ™ 
be readiiv 6 mixin <3 elements can 

5 Altern int ° ^aturized devices. 

Alternatively, mixing may be carried out usi™ f h 
Pumping mechanism. This typically L the ™°P"^ati c 
small heater. „■ WMlly lnvolv ^ the inclusion of 

1 fteate ", disposed behind apertures vii-hs„ 
chamber, when th* n • apertures Wlth ^ a particular 

heated it * " C ° ntaCt With the hea ter is 

heated, it expands through the apertures causing 
D force ir> h« j *. ^ ^ ures causing a convective 

A t ; na r : uc r int ° the chanter ' m > *- 

o„ e way ch" 3 PU " Pln9 ™ SChaniSm r " ai " ed »»"'" 

1JC w «y cnecx valves curH ^ +. u 

Patent No. 5,375 979 to TraT ^ ^""^ " 

in its entirety ^ incorporated herein by reference 

orawn i„ to the " particul ar. the fluid is 

valve when the " f 

cycle The f , 1£ OPe " ted " US ™ ° r 

chafer The c ! " ' "~ the reaction 

designs * P1 " 9 " eChaniS " " y MP1 ^ a "y of 
oesigns, as described herein < » j- ,. 
pressure . "«ein, i.e., diaphragm, thermal 

pressure, electrohydrodynamic, etc. 

electric" ^ tVPim11 * be "^able to insulate 
safes' I C ° mP °™ tS ° f th * —ice which may contact fluid 
of th PreVSnt ^"^y*- <* the sample at the surface 

f e component. cenerally, any number of non-conduc ng 
-sulat „, materials may be used for this function, including 
e *9-, teflon coatina sin c vt ^ ing ' 
insulating layers "In ^ 1 3 " P » f «ably, 
.DUtfr-H 2 ' " hiCh " ay ^"erally be 

sputtered over the surface of the component to provide an 
insulating layer. provide an 

typicallv I- deVlCe ° f PrSSent inVentlon «*» 
typically incorporate a number of microvalves for the 

direction of fluid flow within the device. A variety of 

-crovalve designs are particularly well suited for the 

instant device. Samples of valves that may be used in the 
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^ 4r, U.S. Patent No. 5,277,556 to 

j av ; rp are described m, e.g. , 

device are ae reference. Preferred valve 

van Lintel, incorporated herein oy r 
structures for use in the present devices typically 
incorporate a ^rane or diaphragm which .nay be deflected 
onto a valve seat. For example, the electrostatic valves, 

con/aluminum bimetallic actuated valves or ther.opneu.aic 

, „»„ be readily adapted for incorporation into 
actuated valves can be reaany f 

ac w . inn TvDically, these valves will be 

the device of the invention. Typicany, 

incorporated within or at one or both of the termini of the 

^ d channels linking the various reaction chambers, and will 
be able to withstand the pressures or reagents used m the 
var ous operations. An illustration of an embodiment of the 
raPhragm vaive/fluid channel construction is illustrated in 

FigUCe 3 ' in alternative aspects, fluidic valves may also be 
employed. Such fluidic valves typically include a "liquid 
curtain" which comprises a fluid that is immiscible in the 
aqU eous systems used in the device, e.g., si icone o 
ferrofluidic fluids, and the like. In operation, a fluidic 
valve includes a shallow valving channel, e.g. 50 *m deep 

posi: transversely across and interrupting a -eP- Primary 
channel, e.g., a 200 Mm deep channel in a mating ana r 
.ember. The valving channel is connected ^ \l h 

port in operation, the valving channel is first filled with 

\J .nnrooriate fluid element), which is drawn into 
oil (or other appropriate uuj. 

the channel by capillary action, when gas or iqu are 
£o rced through the primary channe!, the ox or fluid 
curtain" moves aside and allows passage. In the absence of 
curtain mo oriBa ry channel, the oil will 

differential pressure along the prima y k .„ In 

return to seal the fluid or gas behind, a vapor barrier. In 
such cases these fluidic valves are useful in the prevention 

r«^« - — « rr;r ^ : 

Additionally, in the case of other lui .. • - o ^ ^ 
or oils with suspended meta lie part c e „ 
appropriate magnetic field at the vai P 

Z fluidic valve, the by ^^^^^ 
pressures greater than 3 t> psi. 



35 



10 



15 



20 



25 



30 



35 



WO 97/02357 

PCTAJS96/11147 

67 

effects may also be employed in controlling these fluidic 
valves. F or example, the oil portion of the fluid valve mnay 
have suspended therein appropriate particles having high 

I T*l7tl 1C COnStantS ' **"«t:io„ of an appropriate electric 
field then increases the viscosity of the fluid thereby 
creating an appropriate barrier to fluid flow. 

The device may also incorporate one or more filters 
for amoving cell debris and protein solids from the sample. 
The filters may generally be within the apparatus, e.g. 
within the fluid passages leading from the sample 
preparation/extraction chamber, a variety of well known 
filter media may be incorporated into the device, including, 
e.g., cellulose, nitrocellulose, polysulfone, nylon 
vinyi /acrylic copolymers, glass fiber, polyvinylchloride , and 
the like. Alternatively, the filter may be a structure 
fabricated into the device similar to that described in U.S. 
Patent No. 5,304,487 to Wilding et al., previously 
incorporated herein, similarly, separation chambers having a 
separation media, e.g., ion exchange resin, affinity resin or 

like, may be included within the device to eliminate 
contaminating proteins, etc. 

In addition to sensors for monitoring temperature 
the device of the present invention may also contain one or' 
more sensors within the device itself to monitor the progress 
of one or more of the operations of the device. For example, 
optical sensors and pressure sensors may be incorporated into 
one or more reaction chambers to monitor the progress of the 
various reactions, or within flow channels to monitor the 
progress of fluids or detect characteristics of the fluids 
e.g., pH, temperature, fluorescence and the like. 

As described previously, reagents used in each 
operation integrated within the device may be exogenously 
introduced into the device, e.g., through sealable openings in 
each respective chamber. However, in preferred aspects these 
reagents will be predisposed within the device. For example 
these reagents may be disposed within the reaction chamber ' 
which performs the operation for which the reagent will be 
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4 thin the fluid channels leading to that reaction 
used, or within the riui disposed within 

chamber. Alternatively the re*g t . .y ^ ^ their 

stor age a^acent » ^ ^ nts can be 

respective reaction chambers, where y ^ 

Hi iv transported to the appropriate chamber as 
readily ^ chamber will typically have the 

example, the "* u f»°*" 0 out tne amplification 

appropriate reagent, for car « ln ^ d e OXy nucleoside 
reaction, e.g., primer probe sequences, «•«* 

.. „j«tM>l nucleic acid polymerases, 
triphosphates ("dNTPs ), nu .--lif ication 

. lik . D redisposed within the a»pm«- 
agents and the like, pr 9 reagents will 

chamber. Similarly, sample stabilization J 
typically be predisposed within the -* 1 «^ et 

Figur e „ shows a 
configuration for performin am e^prep 

r raU e'g m o " h x ernal pressures, hydrophobic vents 

Tlves in the configuration shown, four 
and pneumatic valves, in ..„„., bv an array of 

... . f . h e device are each addressea oy i 
domains of the aevic com „on channel, 

valves, e.g., a 10 valve array, with its . o 
The four domains may generally be define ... < ) 

— ,1, jr^'«linS;=^. sample 
processing, which are »» exC „ ct and purify 

preparation domain is ^ . ncluded in sample 

nucleic acids from a sample. As shown, 
preparation domain are 5 reagent inlets that are 
connected to larger volume storage vessels e., ; , « 
base unit. Examples of such reagents for extract! 

• . j a . „ , M guanidine isothiocyanate, 1 X TBI a 
MY "^H HO The tl reaction chambers may include, e.g., 
50:50 Et0H:H =°- The ourl£icatlon of nucleic acids such as glass 
affinity media for P"" £ ^"°" oligonucl eotides . 
wool, or beads coated with poly ol g 

The =»rage doma- - nfce ^ ^ 

preparation domain^ «- and duTP but no 
mixtures, e.g., PCR mix ^ uithout 

template. UHG reaction mix and ^ ^ 

template. The reaction domain is 
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preparation domain as well as the storage domain and includes 
a number of reaction chambers (5), measuring chambers (2, and 
debubbling chambers (1) . Both sample preparation and reaction 
domains may be addressed by a thermal controller, e.g., 
• heaters or thermoelectric heater/cooler. 

The post processing domain is typically linked to 
the reaction domain and includes a number of reagent inlets 
(5), reaction chambers (2), storage chambers (l, and sample 
mlets (i). The reagent inlets may be used to introduce 
buffers, e.g., s X SSPE or water into the analytical element, 
e.g., an oligonucleotide array. 

3 - Generic MultinlP Pa rallel s Y «j.«„ 
Figure 14 is a schematic illustration of a device 
coMigurationfor addressing situations where several reactions 
are to be carried out under the same thermal conditions e g 
multiple parallel sample analyses, duplicating multiplex PGR ' 
by carrying out several pgr reactions with single primer pairs 
m parallel followed by recombining them, or cycle sequencing 
with a variety of primer pairs and/or templates. 

In this configuration as shown, two storage domains 
supply reagents to two reaction domians, each being addressed 
by an array of 50 valves. The reaction and storage arrays 
each comprise a 4 X 12 matrix of reactors /chambers, each from 
10 nl to 5 M l in volume. These chambers are addressed by 4 
columns each of pneumatic ports. Two additional arrays of io 
valves address a sample preparation and post processing 
domain. A bank of solenoid valves may be used to drive the 
pneumatic ports and the valve arrays. 

Iv - Application.: 

The device and system of the present invention has a 
wide variety of uses in the manipulation, identification 
and/or sequencing of nucleic acid samples. These samples may 
be derived from plant, animal, viral or bacterial sources. 
For example, the device and system of the invention may be 
used in diagnostic applications, such as in diagnosing genetic 
disorders, as well as diagnosing the presence of infectious 
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agents, e.g.. bacterial or viral infections. Additionally, 
the device and system may be used in a variety of 

characterization applications, such as forensic analyses, 
e.g., genetic fingerprinting, bacterial, plant or viral 
iden^fication or characterisation, e.g., epidemiological or 

taxonomic analysis, and the like. 

Although generally described in terms of individual 
devices, it will be appreciated that multiple devices may be 
provided in parallel to perform analyses on a large number 
individual samples, because the devices are «»»~»"*< 
reagent and/or space requirements are substantially reduced. 
Similarly, the small size allows automation of sample 
introduction process using, e.g., robot samplers and the liKe. 

in preferred aspects, the device and system of the 

in the analysis of human samples, 
present invention is used in tne anaiy 

■ -, ripvice is used to determine the 

More particularly, the device is 

nf * particular nucleic acid sequence 
presence or absence of a particular 

within a particular human sample. This includes the 
identification of genetic anomalies associated with a 
particular disorder, as well as the identification within a 
sample of a particular infectious agent, e.g., virus, 

bacteria, yeast or fungus. 

The devices of the present invention may also be 
used in de novo sequencing applications. In Particular, the 
device may be used in sequencing by hybridization (SBH) 
techniques. The use of oligonucleotide arrays in de novo SBH 
applications is described, for example, in U.S. Application 
Serial No. 08/082,937, filed June 25, 1993. 
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FVAMPLES 

~* o.,Y-ifi ration nf Nucle ic Acids 
r-rn mnlr 1- ^^^ion and Purification g . 

™» exp eriments, Hl7 cloned DNA was spiked 

into either horse blood or a suspension of murine plasmacytoma 

■ j. j t> «n<s derived from BALBc mice, 
fully differentiated B-cells aerivea 

u « added to a concentration of 4 M, 
Guanidine isothiocyanate was added to 

to lyse the material. In separate experiments, the lysate 
passed through a cartridge containing glass wool (20 ,1), 
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ItteT'oV^ S ° da 9USS " allS ' 20 * l> ' and a * la « tube. 

ned away with several volumes of ethanol: water (lu, and 
the captured DNA was eluted at 60-c using IX TBE. J y I 

mat.!- T P y " aS tSSted by usin 9 the eluted 

raid " 3 tSmPlat£ 3 PCR «"ti« fields 

ranged from 10% to 2 s% and PCR yields ranged from 90 to loo- 

i as compared to controls using pure template. 

SIM. l- m F r m i- n Pl „ , , niat „ r ,^ ..... 

A model miniature reactor system was designed to 
investigate the efficacy of miniaturized devices j ° 

out prehybridization preparative reaction, „ , Carryin 9 
acids i, „.„• , reactions on target nucleic 

carry:' Pa " 1CUUr < a *»1 ««tion chamber system for 

fabrLaled £ ^ '""s^""™ a "« Segmentation was 
fabr cated. The device employed a tube based structure using 

t " guLt :iia a : y a : in vitr ° ~ iptiOT ~ - - 

intra!™ ! CaPlllary '"9-nt.tion reactor. Reagents not 
introduced with the sample were provided as dried deposits on 

" e :::: r rface of the connecting - 

-te r a' I" n V r ° e ln ; eStl9ate thS <" "action chamber 

chambers °" ^ ^»«» faction 

The sample including the target nucleic acid, DNA 

sel lnd a t re910nS " " m Pri » e " «» *>» 

sense and antisense strands, respectively, rna polymerase, 

TPs, fluorinated OTP and buffer, were introduced into the 

eac or system at one end of the tubing based syste" 

vitro transcription was carried out in a silicone tubing 

reac"° on T S6d ' """"n* th is -"ill 

laonia"' SMP " aS "° Ved thr ° U9h the syst - into a glass 
capillary reactor which was maintained at ,4-c. for carrying- 

out the fragmentation reaction. The products of a 

IZZTITT tiBe " C ° UrSe " a ^°" are shown in 

gel of Figure 10 A. in some cases, the tubing connecting 
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the m reactor to the fragmentation reactor contained 
! r«ad for addition to the sample. The glass 
additional HgCl; . '« bSA to avoid interactions 

capillary was first coated wing £ragln entation, 

between the sample and the glas- 

>,„h,-idized with an appropriately tiled 
the sample was hybridized « preparation using 

oligonucleotide array, as desc " b ^ in a correct 

this system with 14 mM MgCl 2 addition , 
b ase caliing rate of 96.5%. Omission of the «gcl 2 g 

correct base calling rate of M.M. reaction uas 

A similar preparative transcrip 
. • , „irro-reaction chamber fabricated in 

carried out in a micro reactio «.. r{ace of a first 

,. .... a well was machined in the surface oi 

polycarbonate. A well ^ ^ had an 

polycarbonate part The we polycarb on,te part was 

approximate volume ^ ^ . ^ „ aU 

then acoustically weldea ^ holes 

for the reaction chamber. The second P opposit e 

w which holes were positioned u Ft > 

drilled through it, ^ ltur . control for the 

ends of the reaction chamber. Temp 

transcription reaction was supplied b apply g ^ 
0 temperature controls to the J« ^ f „ both 

the tubing based system. 3 »1 =™pi 

transcription ^ .^^^^ - the micro- 

Transcription reactions P « , 
„oH a 70* Yield as compared to conventional 
reactor achieved a 70. yiei and water ba th or 

!5 methods, e.g., same volume « »i~ofug. t transcription 
PCR thecal cycler. A comparison of in vitr 
reaction products using a microchamber versus a larg 
control are shown in Figure 10B. 

The miniature po lymeri ^ carryin? out Pc * 
the one described in Example > was us ^ ^ 

amplification. In P**"»^ \ thiclt , and ha ving a cavity 
a planar piece of poycarbonate 4 m ^ 

35 measuring SOO ,m deep machined nto ^ ^ ^ 
pianar polycarbonate piece was wel ^ ^ 

second piece was only 250 m thick. 
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TZTJXT' heater again " — 

» cycled for 20 seconds at ,4-c ^ " a " i0n Cha "">« — 

<-e ali „ g) and 50 seconds 94 at c 2 d : c na :; t 7': <° ~»*. .* « s .c 

the thermal cycling is shown in Pi g u" 9 1" i • ^ " 
approximate^ „, Bas shom aftM l" '^ 1 ^™ of 

Production of amplified product in th. 1 * 10C S "°" S 

° compared to a ,.„„.. , Mcrochamber as 

* to a control using a tvDici d™> 

^ « typical PCR thermal cycler. 

-ufactured^f^^^^ 

■ —e ^^i^z^t;^ - 

-a-rs (top and middle, were ^X^^T °< ^ 
chamber (bottom, to prevent any denature, 
Polymerase used in IVT rerac d * n "«"«»> of the rna 
Thermal isolation „a reraCtlons " temperatures. 

than lo 1 aD art ZT^* «- 
controlling the temperature n CT* 0 ""' 
thermoelectric temperature co I thr ° U9h ^ 

. The reactor device dime I s were ' ^r ' 
channels were 250 „m wide by 125 „ deep " : 
chambers were 1.5 mm wide by 13 „! f , th "' reacti °" 

-P. with the reactor volule ran, nVf^^ T *° ^ " 
Briefly pcr wae ~„ ■ ^ "9ing trom 2.5 to 10 pi. 

^y, n-R was carried out bv int-r n *„~- 

PoWase, 0 . 2 « dNTPs , ^ ^ ^ ^ of Taq 
sequences, approximately 20 oo molec U s , r tlf^ 
and ix Perkin-Eiaer PCR buffer into th l\ * S6qUenCe 

thermal cvcli™ • h * bottom chamber. The 

A c y cll ng program included m an , , 

at 34- c for 60 seconds, (2J . denaturat ■ Saturation 
"conds, (3) an annealing tep a "7>l Z T " ^ 20 
extension step at , 2 -c for 50 seconds 5 T """^ M 
through steps 2-4 35 ,<„.. " COnds ' < 5 > repeated cycling 

* h times, and (6) - fiVo 

for 60 seconds. 1 6Xtensi °n step at 
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Following PGR, 0.2 Ml of the PCR product was 
transferred to the IVT chamber (middle) along with 9.8.1 of 
IVT mixture (2.5 mM ATP , CTP, GTP and 0.5 mM UTP, 0.25 mM 
Fluorescein-UTP, 8 mM MgCl 2 , 50 mM HEPES , IX Promega 

. finn Buffer 10 mM DTT, 1 unit T3 RNA polymerase, 0.5 
Transcription Butter, » Ui ' 

units FNAguard (Pharmacia) ) that had been stored a n a storage 
chamber (top, . Fluid transfer was carried out by applying 
pressure to the vents at the termini of the chambers. IVT was 
carried out at 3TC for 60 minutes. 

The results of PCR and IVT are shown in Figure 15B, 
compared with control experiments, e.g., performed in 
eppendorf tubes. 
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Pvamnle 5- a™n«»in Mixim 

The efficacy of an acoustic element for mixing the 
contents of a reaction chamber was tested. A 0.5- X 0 5" X 
0.04" crystal of PZT-5H was bonded to the external sur face of 
a 0.030" thick region of a planar piece of delrin which had 
cavity machined in the surface opposite the PZT element An 
oligonucleotide array synthesized on a flat silica ->^ate, 
was sealed over the cavity using a rubber gasket, such that 
the surface of the array having the oligonucleotide probes 
synthesized on it was exposed to the cavity, yielding , 50 ,1 
reaction chamber. The PZT crystal was driven by an ENI200 
High Frequency Power Supply, which is driven by a function 
generator from Hewlett Packard that was gated by a second 
function generator operated at 1 Hz. 

in an initial test, the chamber was filled with 
deionized water and a small amount of 2% milk was injected for 

• .n^Han The crystal was driven at 2 MHz with an 
visualization. ine «jswj. , 

average power of 3 », FXuid velocities withxn the chamber 

were estimated in excess of 1 mm/ sec, indicating 

convection. A photograph showing this convection xs shown xn. 

The efficacy of acoustic mixing was also tested in 
an actual hybridization protocol. For this hybridization 
test a fluorescently labeled oligonucleotide target sequence 
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having the sequence 5 • -GAGATGCGTCGGTGGCTG-3 • an* , 
having a checkerhn,^ ^^ig 3 and an array 

con.ro chec *erboard pattern of 400 M m squares havinq 
complements to this sequence synthesized A, 
Hybridization of a io 1 * y " theS12ed thereon ' »*re used. 
* ~ solution of the target in Sv^cdtt 

5 carried out n U r<n« k„w • 9 c ln 6 *SSPE was 

out. During hybridization, the external «„,.* 
arrav wa<s ir«*. • external surface of the 

-a" Hyb^ir 3 " 3 th '™*^ -oler set at 

-riving ^ "aH «T a T *° 

time = o.a sec off tY " ^ ° f 4 W 

> intensity wa I^'i ^ " °' 8 Th ™lting average 

ity was identical to that achieved using mechanic 
mixing of the rh a ™h 0 . , ^- g mecnanical 

y «t tne chamber (vertical rotation with *n 
bubble). -non with an incorporated 

Additional experiments using f luorescentlv i.h i „ 
and fragmented 1 n, ~ - • descent ly labeled 

agmented 1 kb portion of the HIV vim* 

base calling rates m Mrt1 . i * SUCCessfu l 

segment was seguenced Partl ° Ular ' * 1 kb HIV —leic acid 

°r =hi P . see u s Pat ; 9 *" ™ ^ array 
P. see, u.s. Patent Application Serial No oa/aaa n*„ 

filed August 2 1994 >„,* ,• °8/284,064, 

iyy4, and incorporated heroin k„ 
all purposes Acou^ • • Y refer ence for 

fwes. Acoustic mixing achieved a on 5. 
callina r*i-o vea a 90 « 5< correct base 

lng rate as spared to a 95.8% correct base M n- 
for mechanical mixing. CalUng rate 

^Sample 5- D.mnn^r.ti nn , r FlnLd m „. ._. riy 

A polycarbonate cartridge was fabricated usina 
conventional machining, forming an array of valves 1 "kL a 
common channel to a series of „k, , , inking a 

10 Ml chamber \ SBT1BS ° f Channels leading to a series of 

M1 chambers, each of which was termin*^ • 
vent Tho ^, w terminated m a hydrophobic 

vent. The chambers included m an im«* ~* ^ 
iBla4 . w , i AJ an inlet chamber #1, 01 

inlet chamber #2, m reaei-io„ u 1 ' 

opened and closed by appli cation vacuo, or pressure 
(approx. 60 psi, to the space above the individual valves 
(foe , ^ 3 flrSt eXperiment ■ »"« containing blue dye 
HZ I! r in9) int " dUCed int ° « *iL 

into in t : ln ! yeU ° W <f ° 0d COl0ri " 9 ' «• 

inlet chancer «. By opening the appropriate valves and 
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nnrUte vent, the following series 
applying 5 psi to the •»™P'" t ^™ t ^ Mue uater was moved 

fluid movements were carried out. the di 
of fluid m re action chamber; the yellow 

from inlet chamber #1 to ™ storage chamber , 

water was moved from * 2 „ chamber to th e 

«, the blue water was moved from the -acti 
measuring chamber and the remaining blue water 

w ifi • The measured blue water 

to the in e : =h » e « ™ ^ ^ ^ ^ to 

(approximately 1.6 ,1) ^ then moved fro]n 

the debu - o th t e Y debubbling chamber whereupon it 

- "water and appeared to mi, producing a 

gr een color; and finally ^^Z^^^ 
debubbling chamber to the reacxi 

ch ;:::;oning * «. ^ Tz ^:z* ^ 

demonstrated by ^^J^Z^ ^- ~ 

nr£ - - — 

^ «T^uSVr^ chamber was 
demonstrated by ^^"^T^l'^ Lasuring 

T; r bi: Touor; ; «.u «- - — 

chamber, followed y _ carrie d out 6 times, 

u This fluid transfer was carnea 

chamber, inis xauj. ,4.-1., 1 s ui Der 

indicating repeated aliguotin, of ^ 
measuring chamber volume ,10 ,1 in . ^ ^ 

While the foregoing invention has *«" 

= «f rlaritv and understanding, wixx 
some detail for P-P- ' " J . o£ this 

b . clear to one sKilled in the ^ ^ ^ ^ 

disclosure that various changes in invent ion. All 

without departing from the true scop of the m 
publications and patent documents = ^ - ^ » ^ 
are incorporated by r = =- f ' Tndividlal publication 

purposes to the ^dually denoted. 

35 or patent document were so 
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WHAT TS PT.ATMpp 

1 A miniature fluidic system, comprising: 

a body having at least two discrete reacti 



chafers, each of said reaction chafers comprising at least 

u^r port ' and wherein ■< - id cLLr : 

fluidly connected to a common chamber or channel; 

a pneumatic system for selectively applying a 
pressure differential between said ™™„ i 
and at , ^tween said common channel or chamber 

and at least a selected one of said at least two discrete 
chambers,, whereby said pressure differentiai 

d /^rr b ° dy b6tWeen Said ~ — or chambe nd 
said at least one selected chamber. 



1 2. 

' gas permeabie fiuid barrier -~ ™ sa id 



The system of claim 1, wherein said vent port 



3. The system of claim 2, wherein = a i rf 
2 fluid v, m .; • wnerem said gas permeable 

fluid barrier is a hydrophobic membrane. 

14. The system of claim 1, wherein at least one of said 

chamb e e a r7 WO * Said 

chamber comprising at least two vent ports, one of said at 

least two vent ports being disposed at an intermediate 

position in said chamber, whereby a bubble separating at least 

aUolT s ete d flUid ^ Chanber ~* ^ ^ 

allowing said at least two discrete fluid plugs to connect. 

5- The system of claim 1, further comprising a 
controllable valve at the fluid connection between each of 

chUr. 163 " diSCrSte ChanberS ^ Sald ~ 1 or 

6. The system of claim 5, wherein said controllable 
valve is a diaphragm valve. 
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, The system of claim 81. wherein said pneumatic 

2 system' is further capable of applying a pressure dif f erential 

3 to said diaphragm valve to deflect said diaphragm valve. 

1 8. The system of claim 7, wherein deflection of said 

2 diaphragm valve opens said fluid connection. 

,. The system of claim 1, wherein each of said chambers 
2 has a cross sectional dimension of from about 0.05 to about 20 
, mm. and a depth dimension of from about 0.05 to about 5 mm. 

10. The system of claim 1. wherein said at least two 

2 chambers are fluidly connected via a fluid passage, said u d 

3 passage having a cross-sectional dimension of from about 0 

to about 1000 „m, and a depth dimension of from about 1 to 500 



* •, • i uhsrein said pneumatic system 

1 ii. The system of claim 1, wherein saia v 

fr>r aDDlving a differential 

2 comprises a pneumatic manifold for applying 

3 pressure between said at least first chamber and 

4 second chamber, to move said fluid sample from said at least 

5 first chamber to said at least second chamber. 

12 The system of claim 1, wherein said pneumatic system 

comprises a differential pressure delivery system for 
comprises ^ ^ ^ fiMt pressure 

maintaining said at least nr* . . f . t 

and said second chamber at a second pressure, sal *- st 

. h.in- nreater than ambient pressure and said secono 
pressure being greater ^ 

ZTJ:SZZTis brought to ambient pressure said first 
"ensure forces a liguid sample in said first chamber into 
9 said second chamber. 

* ri,^ 12 wherein said differential 

1 13. The system of claim 12 wnetex 

2 pressure delivery system comprises: 
-> a pressure source; 
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at least first and second passages fluidly 
connecting said pressure source to said at least first and 
second chambers, respectively; 

a first fluidic resistance disposed in said first 
passage between said pressure source and said first chamber 
said farst fluidic resistance transforming a pressure from 
said pressure source to said first pressure; 

a second fluidic resistance disposed in said second 
passage between said pressure source and said second chamber 
said second fluidic resistance transforming said pressure from 
sa ld pressure source to said second pressure; and 

first and second openable closures in said first and 
second chambers, respectively, whereby opening of said first 
or second closures allows said first or second ' chambers to 
is achieve ambient pressure. 



1 
2 
3 
4 
5 



14- The miniature system of claim 13, wherein said first 
and second fluidic resistances independently comprise one or 
inore fluid passages connecting said first and second passages 
to said first and second chambers, said first fludic reistance 
having a smaller cross-sectional area than said second fluidic 
6 resistance. 



1 15. The system of claim 1, wherein said pneumatic system 

2 comprises a differential pressure delivery system for 

3 maintaining said first chamber at a first pressure and said 
second chamber at a second pressure, said second pressure 
bexng less than ambient pressure and said first pressure being 
less than said second pressure, whereby when said first 

7 chamber is brought to ambient pressure, said second pressure 

! d " WS 3 UqUid Sample in said ^st chamber into said second 
» chamber . 



1 16. The system of claim 15, wherein said differential 

2 pressure delivery system comprises: 

a pressure source; 
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at least first and second passages fluidly 
connecting said pressure source to said at least first and 

6 second chambers, respectively; ■ „ 

a first fluidic resistance disposed m said first 
passage between said pressure source and said first chamber, 
said first fluidic resistance transforming a pressure from 
said pressure source to said first pressure; 

a second fluidic resistance disposed in said second 
passage between said pressure source and said second chamber, 
said second fluidic resistance transforming said pressure from 
said pressure source to said second pressure; and _ 

a ^nnahip closures m said first ana 
first and second openaoie ciosui« 

second chambers, respectively, whereby opening of said first 
or second closures allows said first or second -chambers to 
18 achieve ambient pressure. 
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17 The system of claim 16, wherein said first and 
second fluidic resistances independently comprise one or more 
fluid passages connecting said first and second passages to 

^ , h ,„h-rs said first fludic reistance 

said first and second chambers, saia zxr 

, rpa than said second fluidic 

having a larger cross-sectional area tnan 

6 resistance. 

, 18. The system of claim 1, wherein said system further 

2 includes a temperature controller disposed adjacent at least 

3 one of said at least two chambers, for controlling a 

4 temperature within said at least one chamber. 

, 19 The system of claim 20, wherein said temperature 

2 controller comprises a thermoelectric temperature controller. 

. ^ la ; m 70 wherein said temperature 

1 20. The system of claim 2u, wnetcx 

2 controller comprises a resistive heater. 

21 The system of claim 22, wherein said resistive 

2 heating' element is a NiCr/polyimide/copper laminate heating 

3 element. 
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2 ternce^ ^ SySt6m ° f CU1 " 2 °' fUrther -Rising a 

temperature sensor disposed within said temperature con, n 

3 chamber. temperature controlled 



23. The system of claim 24, wherein said temperature 
2 sensor is a thermocouple. temperature 



1 

2 



24. 



—or is a^stta^:^ 

a resistance thermometer. 



2 at least two clt" ^ " ^ °™ °* »" 

3 cell iysis svstel d 3 " ^ and COT ^« • 

« nuid slmpu P ° SGd the " in ' f ° r ^ = 

1 26. The ays tem of claim 25, wherein said cell lysis 

' - e :.:n;::r c i- r ic — ™ «~ 



27. 

chambe 



v. The system of claim 25 , „ ner ein said cell lysis 

surfacl o^T miCrOStrUCtur - fabricated on an internal 
surface of sa ld cell l ysis chamber for enhancin, cell lysis. 

28 The system of claim 25, wherein said cell lysis 
chamber deludes an electrolytic p„ control system for 
altering a p H of said cell lysis chamber. 

at iJ!: /"* °* Clail " l ' " herei " " le ast one of said 

at least two chambers is a hybridization chamber for analyzino 
a component of a fXuid sampie, said hybridization chamber" ' 

Plural t ? 7! ar " y ' Said P ° lymer *»«««»» a 

Plurauty of different pdymer sequences coupied to a lurface 

of a smgle substrate, each of said plurality of differed 

polymer sequences being coupled to said surface in a 

different, known location. 
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rlaim 29, wherein said polymer array 
i 30. The system o* claim ^ , 

at least 100 different polymer sequences coupled to 

: of different poller sequences *ein g coupled to said surface 
5 in a different, known location. 

■i,.;™ i wherein said polymer array 

1 31. The system of claim 1, wherein h 

2 comprises at 1M s t iOOO different poller sequences coup d o 

3 said surface of said single substrate, each of said plurality 
! " different poiymer sequences being coupled to said surface 
5 in a different, known location. 

„. The system of claim 29, wherein said poller array 

2 comprises at least !0,000 different poller sequences coupled 

3 to said surface of said single substrate, each of said 
\ plurality of different poller sequences being coupled to said 
5 surface in a different, known location. 

~* l wherein at least one of said 

i 13 The system of claim 1, *» eiBi 

\ at least two chambers comprises a nucleic acid amplification 
3 system. 

£ <-k wherein said nucleic acid 

i 34 The system of claim 33, wnerem 

amplification includes.a system for cycling a fluid sample in 

„ haB h e r between at least two different 

3 said at least one chamber between 

4 temperatures . 

35 The system of claim 34, wherein said system for 

«... at least two separate temperature controlled 
cycling comprises at east p^ ^ ^ 

: ^ e , whereby said sample is 

least two dir temperatures by moving said 

cycled between said at least v 

, a between said at least two 

fluid sample back and forth between 

7 temperature controlled chambers. 

* -i^* i wheiein at least one of said 

1 36. The system of claim 1, wherein a 

-..c * nucleic acid purification 

2 at least two chambers comprises a nucleic ac f 
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« lt: in f r. SePar " in9 nUeU1C ae " S in other 
* contaminants m said sample. 



purifi V SySt6m ° f Claim 36 ' WherSin Said nuc ^ic acid 
purification system comprises a separation matrix for 

separating said nucleic acids from said contaminants. 



2 n,atrix 8 com n The °' ^ ^ ' * min ^ "P™tion 
matrix comprises functional groups for preferential i 

3 said nucleic acids in said sample. ^""^^ 



2 



1 



around ^ SyStem ° f Claim 38 ' Wherei " Said ^notional 
groups comprise poly-T oligonucleotides. 



2 purificati^ 6 ° f Claim 21 ' Wh6rein S3id " Ucleic -cid 

2 purification system further comprises an electrophoretic 

L y pt e Ite f ° r T lyin9 " 6lCCtriC fiSld t0 Said " Uid -PL to 
* separate said nucleic an'ric .j 

ieic a cids from said contaminants. 



2 



matrix comprises a gel matrix. 



2 ma ,v 42 * ^ SyStem ° f ^ 37 ' Wherein said separation 
1 !il:°T iSeS 3 membrane diS *° Sed said sample and 



3 



1 



an anode of said electrophoretic system. 



43. The system of claim i, wherein at least one of said 

2 at least two chambers is a reverse tran^w u 

3 reverse t«.«« • * • revers e transcription chamber, said 

4 !7 ! tranSCriptl ° n chambe ^ having disposed therein an 
» effective amount of a reverse tr»n™i.... 

5 ., reverse transcriptase enzyme and the at 
least four deoxynueleoside triphosphates. 

2 at leal: " ^ ' ' " herein " lMSt °" e ° f •»* 

said L T " " " " Vitr ° »™»«iWion chamber, 

11 t "~ ori " li «' ,vin, an effective amount 

trioh 1 POlyme " Se a " d " *>« «i«erent nucieoside 

5 triphosphates, disposed therein. 
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* „-i^m i wherein at least one of said 

45. The system of claim 1, wnerej.ii 

a n11 rieic acid fragmentation 
at least two chambers comprises a nucleic acx y 

system, for fragmenting a nucleic acid in a fluid sample. 

46. The system of claim 45, wherein said fragmentation 

* fnnispd piezoelectric element disposed 
system comprises a focused piezoexeu 

adjacent said fragmentation chamber. 

47 The system of claim 46, wherein said fragmentation 
system further comprises a series of microstores 
fabricated on a first surface of said chamber. 

48 The system of claim 45, wherein said fragmentation 
system comprises at least one channel through which said fluid 
sample is pumped, said channel having a submicron cross- 
sectional dimension for generating a high-shear rate. 

49 The system of claim 1, further comprising a fluid 

3 of said at least two chambers. 

* aq wherein said fluid mixing 

1 50 The system of claim 49, wnerexu 

■ a Piezoelectric element disposed adjacent at 

2 system comprises a piezoeiectrxi- 

3 least one of said at least two chambers. 

51 The system of claim 49, wherein said fluid mixing 

2 system comprises a separate chamber adjacent to and fluidly 

2 sys^e v two chaitlbe rs, 

3 connected to said at least one or 

4 whereby said fluid sample is flowed between said at least one 

5 chamber and said separate chamber to mix said fluid sample. 

* 49 wherein said mixing system 

1 52. The system of claim 49, wnetexu 

3 C °* PriSeS: a plurality o£ „ etall ic parties dispose* within 

4 said at least one chamber; 

an electromagnetic field generator adjacent said at 

6 least one chamber, whereby when said electromagnetic field 
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7 9<?nerat °r is activated, said metallic particle 

8 within said at least «no ^ u P^icles are vibrated 

9 chamber. miXing Conte ^s of said 

* ^xesT^l 6 T : laim Said system 

sample contained in a hybridization chamber. 
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54. The system of claim i, wherein sain <n ^ 

system comprises a ln Said fluad transport 

pjrises a micropump disposed in «^ k ^ 

3 connected to at least * •! ° dy anci fluid ^ 

least one of sa ld plurality of chambers. 

1 55. The system of claim 54, wherein „^ • 

2 comprises an electrophoretic pump. 

56. A miniature fluidic system, comprising: 
a body having at least first „ 
disposed therein, each of said at ea st "Lt d ChMber£ 
Chafers havin, a fluid inlet and L n U L ^ 

at least one of said at least first 1 —action, 
bein g a hybridization chMber £or Hill «r 

"uia m . said hybriai2ation 221 L uZ OTent , of a 

array, said pol^r array includino a " of IT"" 

poller sequences coupled to a surL T dl «arent 
«ch of said plurality of d ffelt 3 ^""^ 

coupled to said surface in , lT !f ^ 

urrace in a different, known location; 

a sample inlet, fluidly connected to at 
said f ircf j , u LU ai- least one of 

a tlrst and second chambers, for intrrvs,„,< 
14 into said system; introducing a fluid sample 

15 



fro, said atheist' flrsT* * 
chaMber eh " b " t0 Said " t «cond 



16 

17 chamber. 



57. The system of claim 56, wherein g *Srf „ , 

2 comprises at least t nn h • ~ ln Said P°ly»er array 

at least 100 different polymer se n i 10 n,. 

3 said surface of «»<h „• , sequences coupled to 

urtace of said single substrate, each of e , ^ , 

4 of different polymer SMUMno „ . Said P lura lity 

sequences being coupled to c a iH «,„ * 

5 in a different, known location. 
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' 58 The system of claim 56, wherein said polymer array 
2 co mprises at least iOOO different polymer se,uen=es coupled to 
said surface of said sinale substrate, each of said plurality 
f different polymer sequences being coupled to said surface 

5 in a different, known location. 



3 

4 o 



59 The system of claim 56, wherein said polymer array 

2 comprises at least 10,000 different poller sequences coupled 

3 to said surface of said single substrate, each of said 

4 plurality of different polymer sequences being coupled to said 

5 surface in a different, known location. 

! 60. The system of claim 56, wherein said body further 

2 comprises a transparent region disposed over said 

3 hybridization chamber for detecting hybridization of a 

4 component of said fluid sample to said oligonucleotide array. 



1 
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3 
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61. A miniature fluidic system, comprising: 

a body having at least two distinct chambers 
disposed therein, each of said at least two chambers being 
fluidly connected to at least one other of said at least two 

5 6 ChamberS; a sample inlet, fluidly connected to at least one of 

7 said at least two chambers, for introducing a fluid sample 

8 into said at least one chamber; =aTnnlp 

a fluid transport system for moving a fluid sample 

i*»ast two chambers to 
from at least a first chamber of said at least two 

t u nf e , i(i at least two chambers; and 
at least a second chamber of said at least 

a separation channel for separating a component of 
said fluid sample, said separation channel being fluidly 
connected to at least one of said chambers and in ™ * 
least first and second electrodes in electrical contact with 
opposite ends of said separation channel for applying a 
voltage across said separation channel. 

, 62. The system of claim 61, wherein at least one of saic 

2 at least two chambers is an extension reaction chamber, said 
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3 extension reaction chamber being fluidly connected to said 

4 separation channel, said extension reaction chamber having 

5 disposed therein one or more reagents selected from the group 

7 lZ S «T ng ° f 3 POlymeraSe ' O-xynucleoside triphosphates 
and dideoxynucleoside triphosphates. 

63. The system of claim 61, further comprising at least 
four separation channels and at least four extension chambers 
each of said separation channels being fluidly connected to a ' 
sepa rate one of said at least four extension chambers, each of 
said separate extension chambers having disposed therein a 
different dideoxynucleoside triphosphate. 



1 
2 
3 
4 
5 
6 



64. The system of claim 61, wherein said body further 
comprises a transparent region disposed over said separation 
channel for detecting said component of said fluid sample 
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65. A miniature fluidic system, comprising: 

a body having at least two chambers disposed 
therein, at least one of said at least two chambers being an 
in vitro transcription reaction chamber, said in vitro 
transcription reaction chamber having an effective amount of 
an RNA polymerase and four different nucleoside triphosphates 
7 disposed therein; 

a sample inlet, fluidly connected to at least one of 
said at least two chambers, for introducing a fluid sample 
into said at least one chamber; and 

a fluid transport system for moving a fluid sample 
from at least a first of said at least two chambers to at 
least a second chamber of said at least two chambers. 



1 
2 



66. A miniature fluidic system, comprising: 

a body having at least two chambers disposed 

3 therein, at least one of said at least two chambers being a 

4 cell lysis chamber, for lysing cells in said fluid sample, 

5 said cell lysis chamber comprising a cell lysis system; 
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a sample inlet, fluidly connected to at least one of 
said at least two chambers, for introducing a fluid sample 
into said at least one chamber; and 

a fluid transport system for moving a fluid sample 
from at least a first of said at least two chambers to at 
least a second chamber of said at least two chambers. 

67 The system of claim 66, wherein said cell lysis 

2 system comprises a series of microstores fabricated on an 

3 internal surface of said lysis chamber, whereby flowing said 

4 fluid sample over said microstores results m lysis of 

5 cells in said fluid sample. 

68. The system of claim 67, wherein said -cell lysis 

• = n<o7nelectric element disposed 

2 system further comprises a piezoelectn 

' . ^ _u^>- €r\r- fiowina said fluid sampis 

3 adjacent said cell lysis chamber for flowing s 

4 over said microstructures. 

^ -.1,-;™ e.i wherein said cell lysis 

1 69 The system of claim 67, wnerexn 

aT , Piectrolvtic pH control system, for 

2 chamber comprises an elecuroxyi-x^ v 

u i~ -airi rell lvsis chamber. 

3 alterng a pH in saia cen j.y=>x 
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70 A miniature fluidic system, comprising: 

a body having at least two chambers disposed 
therein, at least one of said at least two chambers being a 
nucleic acid purification chamber, for 

acids in said fluid sample from other contaminants in said 

fl uid -Pie; inie ^ nuidiy connected to at least of 

, JBh „ s for introducing a fluid sample 
said at least two chambers, tor 

:. tn -aid at least one chamber; and 

" . fluid transport system for moving said separated 

nucleic acids fro, said nucleic acid chafer to said at least 
a second charter of said at least two charters. 

71 The system of claim 70, wherein said nucleic acid 

* * separation matrix which 

2 purification system comprises a separa^i 
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2 said other contaminants. 



1 



72. The system of claim 71, wherein said matrix 
2 comprises a silica matrix. 

1 com n 73 " ^ SySt6m ° f 72 ' Wherein said sil ^ matrix 

2 comprises glass wool. x 
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74. The system of claim 71, wherein said matrix 

HZTTl 3 SOUd SUPP ° rt POly " T ^nucleotides 

coupled to said solid support. 

75. A miniature fluidic system, comprising: 

a body having at least a first chamber fluidly 
connected to a second chamber by a fluid passage; 

a sample inlet, fluidly connected to said first 
chamber, f or introducing a fluid sample into said system- 

a differential pressure delivery system for 

seco n n d ain h ln9 h Said firSt ^ 9 flrSt <™ -"i- 

Z 1 til r 3 S6COnd PreSSUrS ' "* ™ -ing 

later th Pr6SSUre " ld SeCOnd ^ing 

chamber I Pr6SSUre ' Whe " Said 

chamber is brought to ambient pressure, said first pressure 

liquid sampie in said — -° — 



pressure deK ^ " ^ ^ % * - " in " ld 
pressure delivery system comprises: 

a pressure source; 

at least first and second passages fluidly 
connecting. said pressure source to said at least first and 
second chambers, respectively; 

a first fluidic resistance disposed in said first 
passage between said pressure source and said first chamber, 
said first fluidic resistance transforming a pressure from 
said pressure source to said first pressure; 
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a second fluidic resistance disposed in said second 
passage between said pressure source and said second chafer 
said second fluidic resistance transforming said pressure fro* 
said pressure source to said second pressure; and 

first and second openable closures in said first and 
second chancers, respectively, whereby opening of 
or second. closures allows said first or second chambers to 
achieve ambient pressure. 

77 The system of claim 76, wherein said first and 
second fluidic resistances independently comprise one or more 

crAiri first and second passages to 
fluid passages connecting said nrsi an 

w ea iH first fludic resistance 

said first and second chambers, said first fl 

f : rtna1 flrpa than said second rluiaic 
having a smaller cross-sectional area man 

resistance. 

78 The system of claim 76, wherein said first and 
second fluidic resistances independently comprise one or more 
fluid passages connecting said first and second P""^ 
said first and second chambers, said fluid passages of said 
first fluidic resistance having a greater length than said 
fluid passages of said second fluidic resistance. 
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79 A miniature fluidic system, comprising: 

a body having at least a first chamber fluidly 

connected to a second chamber; 

a sample inlet, fluidly connected to said first 
chamber, for introducing a fluid sample into said at first 

chamber; - 

. . ^- OC euTp delivery source tor 
a differential pressure aexxv^j 

maintaining said first chamber at a first pressor^ , and sa ld 

-a ^roccnrp said second pressure 
second chamber at , > secon ^pre«ure . ^ ^ 

being less than ambient pressu-e an 

less than said second pressure, whereby when 

chamber is brought to ambient pressure, •"^^ 

rhamber into saiu seconu 

draws a liquid sample in said first chamber 
chamber . 
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1 80. 

2 



The system of claim 79, wherein 
first chamber is fiuidlv ™ herein said at least a 

riuidly connected to c= a sh 
3 fluid passage. second chamber by 



1 81. The system of claim 80, wherein 

2 pressure delivery svst.m „ • * erein said differential 

-Lvery system comprises: 

a pressure source; 
• second chaabers, respectively " ld " first and 



8 
9 
10 
11 
12 
13 
14 
15 

16 

17 

18 

1 
2 
3 
4 
5 



Passage ^IJTiZ^T™ diSP ° Sed ^ «" «« 

Pressure source and said first- ^k,»u 
said first fluidic resistsnrc «. chamber, 

resistance transforming a oressnr. * 
said pressure source to said fi rst DrM P ress ^e from 

^•axu iirsr pressure* 

said second fluidic resLT cta *">*r, 

said Pressure so ce to ^ H ^""^ »« Pressure fro* 

urce to said second pressure; and 

first and second openable closures in <. 
second onagers, respectively, vnereby opening of " j ! 
or second closures allows said f irst L ! " 

achieve a»bient pressure. Cha, " berS t0 

secon: 2 tau i:: c ~ i: Ui "d 81 ' wherein ^ ^ ■« 

nuid passaoes ^ ^ « - -» 

said first and second chafers, IT* TrsT™*"^ 5 *° 
having a larger cross-section, resistance 
« resistance. se «""al area than said second fluidic 
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second nuU c ^ritlrV 1 ' ^ 

-sages " ~ * "™ 

said first and second chafers, a d is I nZT^ 
comprising Dassaa « w« t • fludic resistance 

_ . " Passages having a shorter length than sai* w 
of said second fluidic resistance. channels 
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84. A method of directing a fluid sample in a miniature 

2 fluidic system, comprising: 

3 providing a microf abricated device having at least 



1 



first and second chambers disposed therein, wherein each of 
said at least first and second chambers is in fluid connection 
with a common chamber or channel, has at least first and 
second controllable valves disposed across said fluid 
connection, respectively, and includes at least one vent; 

applying a positive pressure to said common chamber 

10 or channel; _ n = v,-i a 

• _ at- least first controllable 

selectively opening said at least nrst 

valve, whereby said positive pressure forces said fluid sample 
from said common chamber or channel into said first chamber. 

85. The method of claim 84, further comprising applying 

least first chamber and 
a positive pressure to said at least 

selectively opening said at least first controllable valve^ 
whereby sail positive pressure forces said fluid sample fro. 
said at least first chamber into said common chamber or 
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1 8 6. The method of claim 85, wherein said vent comprises 

2 a hydrophobic membrane sealably disposed across said vent, 

3 whereby when said fluid sample contacts said hydrophobic 

4 membrane, flowing of said fluid sample into said at least 

5 first chamber stops. 

1 87. The method of claim 84, wherein said at least first 

2 and second controllable valves are selectively opened 

3 pneumatically. 

• a+- least two discrete fluid 

88. A method of mixing at least two 

components in a microf abricated fluidic system co^x-ing: 

providing a microf abricated channel having a vent 

j • in-atior in said channel, said 
rfisoosed at an intermediate locatior in s«j. 

vent havin, a g as permeable fluid barrier disposed across sa.d 
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introducing said at least • 
components into said .h, / discrete fluid 

flow" Said . Channel "Plated by a gas bubble- 

flowing said at least two flu in 
vent, whereby said bubble exits sa / Com P°^nts past said 

wuwwit; exits Said vonf ^ i i 

least two fluid compments tQ m . x _ ld Vent ' said at 



1 89. The method of claim do 

* barrier is a hvdL h h ^ «" 

as a Hydrophobic membrane. 
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9 0- A method of repeatedly measuring i 

"»« i" a .iniature nJdic systeT " V ° 1U, " e ° f a 

system, comprising: 

least first and seconri k tner em, wherein said at 

comprise at least on" .1^ ! ^ ^ ««* 

said chambers is a voiumet i " ^ °" e ° f 

is volumetric chamber having a known volume- 

cr-i- 9 VOlumet ^= chamber with said ,i * 

^ create a f irst aliguot Qf ^ ^.^ said fluid to 

transporting said fir«t- a n 

11 said at least seconH \ t * ° f Said fluid to 

12 sr second chamber; and 

repeating said filiina *. 

a ruling and transporting steps. 

* chambers 0^^-°' ^ ^ «* said 

3 cross sectLn d d :;;i on pr :rr in said providing — • 

* «- a depth dimen 0 5 "from T ^ °"° 5 * ^ 2 ° 

of from about 0.05 to about 5 mm. 
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Fig. 4c 
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Fig. 7B 
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Fig. 10B 
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Storage #1 

49 storage volumes 
1 inlet port 
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Reactor Array #1 

48 reaction cham- 
bers thermally 
addressed together 
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Reactor Array #2 

48 reaction cham- 
bers thermally 
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pins 814 for piercing rupture membranes. These pins are 
typically within recessed ports 816 in the mating surface 804. 
The base unit will also typically include mounting structures 
on the mating surface to ensure proper mating of the reaction 
5 chamber containing portion of the device to the base unit. 
Such mounting structures generally include mounting pins or 
holes (not shown) disposed on the mating surface which 
correspond to complementary structures on the reaction chamber 
containing portion of the device. Mounting pins may be 

10 differentially sized, and/or tapered, to ensure mating of the 
reaction chamber and base unit in an appropriate orientation. 
Alternatively, the base unit may be fabricated to include a 
well in which the reaction chamber portion mounts, which well 
has a nonsymetrical shape, matching a nonsymetrical shape of 

15 the reaction chamber portion. Such a design is similar to 
that used in the manufacture of audio tape cassettes and 
players. 

In addition to the above described components, the 
device of the present invention may include. a number of other 
20 components to further facilitate analyses. In particular, a 
number of the operations of sample transport, manipulation and 
monitoring may be performed by elements external to the 
device, per se. These elements may be incorporated within the 
above-described base unit, or may be included as further 
25 attachments to the device and/or base unit. For example, 

external pumps or fluid flow devices may be used to move the 
sample through the various operations of the device and/or for 
mixing, temperature controls may be applied externally to the 
device to maximize individual operations, and valve controls 
30 may be operated externally to direct and regulate the flow of 
the sample. In preferred embodiments, however, these various 
operations will be integrated within the device. Thus, in 
addition to the above described components, the integrated 
device of the invention will typically incorporate a number of 
35 additional components for sample transporting, direction, 
manipulation, and the like. Generally, this will include a 
plurality of micropumps, valves, mixers and heating elements. 
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Pumping devices that are particularly useful include 
a variety of micromachined pumps that have been reported in 
the art. For example, suitable pumps include pumps which 
having a bulging diaphragm, powered by a piezoelectric stack 
and two check valves, such as those described in U.S. Patent 
Nos. 5,277,556, 5,271,724 and 5,171,132, or powered by a 
thermopneumatic element, as described in U.S. Patent No. 
5,126,022 piezoelectric peristaltic pumps using multiple 
membranes in series, and the like. The disclosure of each of 
these patents is incorporated herein by reference. Published 
PCT Application No. WO 94/05414 also discusses the use of a 
lamb-wave pump for transportation of fluid in micron scale 
channels . 

* 

Ferrofluidic fluid transport and mixing systems may 
also be incorporated into the device of the present invention. 
Typically, these systems incorporate a ferrofluidic substance 
which is placed into the apparatus. The ferrofluidic 
substance is controlled/directed externally through the use of 
magnets. In particular, the ferrofluidic substance provides a 
barrier which can be selectively moved to force the sample 
fluid through the apparatus, or through an individual 
operation of the apparatus. These ferrofluidic systems may be 
used for example, to reduce effective volumes where the sample 
occupies insufficient volume to fill the hybridization 
chamber. Insufficient sample fluid volume may result in 
incomplete hybridization with the array, and incomplete 
hybridization data. The ferrofluidic system is used to 
sandwich the sample fluid in a sufficiently small volume. 
This small volume is then drawn across the array in a manner 
which ensures the sample contacts the entire surface of the 
array. Ferrofluids are generally commercially available from, 
e.g., FerroFluidics Inc., New Hampshire. 

Alternative fluid transport mechanisms for inclusion 
within the device of the present invention include, e.g. 
electrohydrodynamic pumps (see, e.g., Richter, et al. 3rd IEEE 
Workshop on Micro Electro Mechanical Systems, February 12-14, 
1990, Napa Valley, USA, and Richter et al. , Sensors and 



INTER^fcoNAL SEARCH REPORT 




temational application No. 
PCT/US96/U147 






A. CLASSIFICATION OF SUBJECT MATTER 
IPC(6) C12P 19/34; C\ZM 1/40 

Acting ( o^ioS Patent Ci««r«i.«n ,IPC) or W both nauona. Cass.ncauon and .PC 

B. FIELDS SEARCHED 

Minimum documentation searched (classification system 
U.S. Please See Extra Sheet. 



followed by classification symbols) 



Documentation searched other than minimum documentation to 



the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name o 



f data base and. where practicable, search terms used) 



C. DOCUMENTS CO NSIDERED TO BE RELEVANT 

Citauon 01 document, with indicaiion. where approbate, of the relevant passages 



Category 1 



Y 



Y 



WO 94/05414 A1 (THE REGENTS OF THE UNIVERSITY OF 
CALIFORNIA) 17 March 1994 (17.03.94), see entire 
document. 

US 4,426,451 A (COLUMBUS) 1 7 January 1 984 ( 1 7.01 .84), 
see entire document. 



Relevant to claim No. 



Y, P 



US 5,498.392 A (WILDING ET AL.) 12 March 1996 
(12.03.96), see entire document. 



1-11, 18-74, 
84-91 

12-17, 75-83 

1-11, 18-55, 
84-91 

12-17, 75-83 

25-28, 36-39, 
41, 45-48, 66- 
69 



,f o n¥ r I I See patent family annex 
Further documents are listed in the continually of Box C. [_) ^ P 




"A* 

"E" 
"L* 

•r 

Date 



Special caicfona at liLl-u d»K.umcnw 



acxu.nentacf.nin, d« fcxnl oi the ..1 wh.h .* not cornered 
to be ol particular retevaiwe 

earlier document publuhoi u« or a.tcr Ok ...u-nwi.u.wl I'.lu* 

document wh,ch ma, u.row doubt, on pnoniy wfc...n,*» or •h.chi. 
c^to e*ttbl*h the ,.«bl«.iHH. u*r ol ».«.*l«r c.uuon «r other 
special rciuon to* lOMihodl 

document rtlernn, io *n oft UuOo-urc. use. cUi.bu.on or other 
mean* 

document nubl-hcd nnor to the mtcn»i»m-l fil..« ^ but bier than 
the pnontv date claimed 



•X" 




19 SEPTEMBER 1996 



bier document pubtuhed after the international filtnj dw or P™ n *f 
d.lc and not in conflict w.th the application bui ctud to underwtand the 
principle or theory underlying the invention 

document of particular relevance, the claimed mvenuon cannot be 
con*«Kreu novel or cannot be conadered to involve on mvenuve step 
when the document n token alone 

document of pomcubr relevance; the claimed invention cannot be 
cofuwlerad to involve an mvenuve atep when the document i» 
combined with one or more other iuch document!, wch combination 
bcint obvioui to • peraoo afcillcd in the art 

documeni member of the tame patent family 

Date ol mailing ot' the international search report 

11 OCT 1996 



Name ami maiiinc aoJrcss ol me ISA- US 
CoimmsMoncr o\ Paunt> and Trauciiuirk> 
Box PCT 

Washington. D C 2013 1 
Facimuie So ^ 305-3:30 
Form PCT'1SA.::0 isecnnu shcciiUuly 1992)* 



Aulhon/cO oiticcr / / / , 

WILLIAM H. BElSNEr*-'<~? 
Telephone No -7031 308-0651 



INTERNA I 



L SEARCH REPORT 



In^^Bonal application No. 
POTUS96/11147 



B. FIELDS SEARCHED 
Minimum documentation searched 
Classification System: U S. 

175. 177. 178. 180; 422/68.1. 80. 81. 100. 101. 102:935/76-78.85-88; 137/814. 206. 208. 571; 417/118.121 



Fnrm PCT''ISA/2I0 icxira slicciiiJulv N92)» 



